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The application of chemical fertilizers and industrial wastes 
contdminated with toxic rretals, as well as indiscriminate use of pes-
tici-^es to arricultural lands are posing threat to human health. The 
applic-^tion o-^  these, while beneficial in several ways, has aroused 
concern from the stand point of their accumulation in soils with 
possible irj^rious effects on the soil m.icroflora as well as pollution 
of air, water and soil. A variety of organic chemicals produced in soi. 
as a result of chemical and/or ^iolcgical processes through soil mic-
robes are also found to be adversely affecting the normal utilization 
of nutrie"ts by plants. 
The undesirable heavy metals such as Fb, Cd, Ni and Cr etc. 
When reaches to soil form st ble complexes '^ith soil organic matter 
(SCK) and its fractions humic and fulvic acids (HA&FA). It has been 
observed that these complexes becomes more toxic with their «=nhanced 
mobilization and ease of absorption through roots in the plant systems. 
Thus, the complexes of these heavy metals v/ith SCM and its fractions 
are f^ e m>ajor constituents in drcidinc the soil pollution problems 
caused by heavy metals. 
The growth and activity of micro-organisms may be greatly in-
fluenced by the nature of heavy me^ a^l contamination in soil. The 
deterimental effect of Pb and Cd to soil have been reported on soil 
respiration, inhibition of soil enzymes such as urease and phosphatase. 
The inhibition of nitrification by Ni and Cr w^ i^le its stimulation by 
Cd have also been observed. The .reseme of Ni and Cr in soils have also 
shown some toxicity symptoms in certain food plants as they hinder the 
proper utilization of plant nutrients. 
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Attempts to understand the role of such organic and inorganic 
chemicals are complicated by the diversity of soil conditions such 
as nature and extent of clay minerals and soil organic matter, exch-
angeable Cations, soluble salt contents, pH and its mechanic .1 compo-
sitions etc. 
The information reoardinc the role of heavy metal-SCM and-HA 
corrpleyes in altering the soil chemical properties, nutrients status 
of soil and their avoilability to plants, and their movement, persis-
tance in soil under humid sub- tropical environment of India is lacK-
ingr Therefore, it is important tnat the role of all such pollutants 
be investigated so that their und "^ sirable side effects can be detected 
and iTiinimized. 
In view of thcbs, it was considered worthwhile to undertake 
studies on the "Interactions of some pollutants with soil and crops". 
The investigations reported in the thesis have been divided into 
following parts: 
a) Studies on the mobility of heavy metals in soils as affected by 
chemical fertilizers and pesticides. 
b) Influence of Nickel(Il)-and Chromium(III)-Humic acid complexes 
on major nutrients (NPK) status of the soil. 
c) Influence of heavy metal-Humic acid complexes on the growth and 
nutrients concentration of wheat (Triticum aestivum) plants. 
d) Influence of heavy metals on the translocation of some micro-
nutrients through soil in presence of added organic matter and 
humic acid. 
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e) Studies on the effects of some phenolic compounds in absence 
and presence of Pb(ll) on the transport of some plant nutrients 
through soil. 
A concise account of the results achieved on the basis of 
the plan mentioned above is summarised in the following paragraphs: 
1. Studies on the Mobility of Heavy Metals in Soil as Affected by 
Chemical Fertilizers and Pesticides: 
Mobilities of heavy metals namely Pb, Ni, Cr, Mn and Gu were 
studied in Hirapur fine sandy loam soil collected from the represen-
tative areas of Aligarh district. The effect of chemical fertilizers 
namely urea, ammonium phosphate, ammonium sulphate and potassium 
chloride and pesticides such as organo phosphorus insecticides and 
substituted acetic acid herbicides was studied in soil with or with-
out soil organic matter by using soil thin layer chromatography. 
It was observed that the mobility of heavy metals follows the 
order; Ni>Cr>Mn>Cu>Pb in soil. It was also observed that ferti-
lizers and substituted acetic acid herbicides significantly enhanced 
the mobility while organophosphorJS pesticides increased the mobility 
at their lower application and then decreased at higher levels of 
application in all the cases. The results explained on the basis of 
metal interactions with SQM and fertilizer pesticides, and their 
solubility in water. 
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2 . The Inf luence of N i c k e l ( l l ) - and Chromium(III)-Humic Acid 
Complexes on the Major Nu t r i en t s (NPK) S t a t u s of the S o i l : 
Effect of Ni- and Cr-humic acid complexes on the a v a i l a b i -
l i t y of ammonium-, n i t r i t e - , and n i t r a t e - N , phosphorus and 
potassium in f ine sandy loam s o i l was examined. I t was found t h a t 
an a d d i t i o n of Ni- and Cr-HA complexes to s o i l inc reased the a v a i l -
a b i l i t y of NH.-N and NCg-N upto 28 days and then decreased . However, 
Ni-HA complex enhanced the a v a i l a b i l i t y of Nh^-N upto 21 days of 
f e r t i l i z a t i o n while NOZ-N a v a i l a b i l i t y inc reased throughout the 
per iod of s tudy . The a v a i l a b i l i t y of phosphorus and potassium 
inc reased upto 35 days of Ni- and Cr-HA complexes a d d i t i o n to s o i l 
and then decreased . 
I t was a l so observed t h a t the a v a i l a b i l i t y of n u t r i e n t s i n 
s o i l inc reased upto a l e v e l of 50 ppm for Ni-HA complex f e r t i l i z a -
t i o n except i n the case of NO -^N which remained lower throughout 
the range of added Ni-HA complex. While i n the case of Cr-HA comp-
l e x , the a d d i t i o n of the complex did not show any s i g n i f i c a n t 
change among the l e v e l s of added complex. However, a s i g n i f i c a n t 
i nc rea se was observed when compared the added l e v e l s of complex 
with the c o n t r o l . 
3 . Inf luence of Heavy Metal-Humic Acid Complexes on the Growth and 
Nut r i en t s Concentra t ion of rtheat (Tr i t icum aestivum) P l a n t s : 
Lead, cadmium, n icke l and chromiuon-humic ac ids complexes 
were mixed to s o i l and t h e i r e f f ec t on the growth and n u t r i e n t s 
; 5 : 
concen t r a t i on of the wheat p l an t s s tudied in a greenhouse e x p e r i -
ment. For t h i s s tudy, heavy metal-HA complexes were prepared by 
t r e a t i n g the ]% HA with 0,1N s o l u t i o n of r e s p e c t i v e metal c h l o r i d e s 
and p u r i f i e d by double d i s t i l l e d wate r . Two kgs of s o i l was taken in 
each earthenware pots and heavy metals-HA complexes were thoroughly 
mixed. Five l e v e l s of each metal-HA complex were added. A wheat 
v a r i e t y Kalyan Sona was sown and pots were watered r e g u l a r l y . Af ter 
about 60 days p l a n t s were harves ted and fresh weights were t aken . 
Weights were again recoraed a f t e r drying the p l a n t s a t 70°C then 
ashed a t 180°C and ashed p l an t s were d iges ted with a mixture of HNOo 
and HCIO. ana n u t r i e n t s concen t ra t ion were determined by atomic 
absorp t ion spectrophotometer and using o ther s tandard methods for 
Na, Ga, Mg and K. 
I t has been observed t h a t lead and cadmium-humic acid comp-
l exes a t t h e i r h igher l e v e l s of a d d i t i o n r e t a rded the growth of 
wheat whereas a t t h e i r i n i t i a l l e v e l s of a d d i t i o n enhanced the 
growth as compared to the unamended s o i l . Chromium- and Nickel-HA 
complexes g e n e r a l l y increased the growth a t t h e i r a l l l e v e l s of 
a p p l i c a t i o n . Na, Ca, Mg and K content i n p l a n t s found to inc reased 
s i g n i f i c a n t l y . Over the a p p l i c a t i o n of heavy metal-HA complexes but 
Pb- and Cd-HA complexes a p p l i c a t i o n a t t h e i r h igher l e v e l of a d d i -
t i o n decreased n u t r i e n t concen t ra t ion mic ronu t r i en t contents a l s o 
followed the same p a t t e r n , r e s u l t s are explained on the ba s i s of 
complexation, and compet i t ive e f f e c t of metals s tud ied with n u t r i -
en t s . 
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4. Influence of Heavy Metals on the Translocation of Some Micro-
nutrients through Soil in presence of Added Soil Organic Matter 
and Humic Acid: 
The mobilities of some nutrient metals such as Fe, 2n, Mn 
and Cu have been investi^ ^^ ated in an illitic fine sandy loam soil as 
affected by some heavy metals (Pb, Cd, Ni and Cr) in presence of 
soil organic matter and humic acid using soil thin layer chromato-
graphy. The soil organic matter (SOM) was extracted fran the 
sample soil and the humic acid (HA) was obtained by acidification 
process and purified. The heavy metals, Pb, Cd, Cr and Ni were 
added to soil in presence of these SOM and HA fractions to study 
their effects on the nutrient metal ions translocation in soil. SOM 
decreases the mobility of metal in soil while HA addition increased 
the same. However, an addition of heavy metals like Pb, Cd, Ni and 
Cr into the soil with SOM again shows increased mobility of all 
metals except in the case of Cd which decreases the mobility of all 
nutrient metals. The results have been explained on the basis of 
metal ions interaction with soil colloids and their physico-chemica 
properties in soil solutions. 
5. Studies on the Effects of Some Phenolic Compounds in Absence 
and Presence of Pb(ll) on the Transport of Some Plant-Nutrients 
Through Soil: 
The translocation of some plant-nutrients namely manganese, 
copper, cobalt, iron and zinc in Aligarh soil was studied using soi, 
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thin layer chromatography technique. The effects of sane phenolic 
compounds such as phenol, resorcinol, pyrogallol and m-cresol were 
studied as mobility parameters by amending their requisite quantity 
in soil. The influence of Pb(ll) was also observed in the presence 
of phenolic compounds on the translocation of nutrient metal ions 
through soil. 
It was observed that the mobility of above mentioned plant-
nutrients follows the order Mn> Co> Zn>Cu >Fe in soil. The phenolic 
Compounds increased the mobility of Mn, Cu, Zn and Fe significantly 
as Compared to control but, Co mobility decreases in all cases. 
Addition of lead increased the mobility of Mn, Cu and 2n many folds 
in phenol and resorcinol amended soils at their lower doses addition. 
However pyrogallol and m-cresol amended in soils shows significant 
increase in Mn and Cu in some cases whereas all other nutrients 
mobility decreased. The results are explained on the basis of 
metal-SOM interactions and adsorption of phenolics over soil react-
ive sites. 
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Soil is of fundamental importance and value to man, about 
five billion people depend upon it for food and clothing. Use of 
soils for growing crops is known to men from time immemorial. By 
the Buddhist period, the general principles of agricultural opera-
tions such as ploughing, sowing and irrigation had been well under-
stood. During the seventeenth century, an attempt was made in 
Europe to apply the knowledge of physical sciences, especially 
chemistry, to the improvement of soils and agriculture. Study of 
soil behaviour as an agricultural material took a new turn with the 
study of colloidal matter of soil at the begining of the current 
century. The great importance of the study and research in the 
field of clay minerals, soil chemistry, soil biochemistry, soil 
microbiology and soil pollution was realised soon and people began 
to study soils in a scientific manner. 
Soils are so complex because of the variability in their 
physical and chemical composition and distinct mineralogical and 
chemical properties, that it is quite impossible to give them a 
simple meaning. Joffe (l) defines soil as "a natural body diffe-
rentiated into horizones of mineral and organic constituents, 
usually unconsolidated, of variable depth, which differs from the 
parent material below in morphology, physical properties and 
constitution, chemical properties and composition and biological 
properties". 
A change to the environment due to excessive discharge of 
certain foreign matter results from activities of man is called 
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pollution. These foreign matter which results pollution are called 
pollutants. Pollution means the introduction by man, directly or 
indirectly, of substances or energy into the environment resulting 
in deleterious effect of such a nature as to endanger human health, 
harm living resources or ecosystem and impair or interfere with 
amenities and other legitimate uses of the environment (2). 
Soil pollution has become an increasingly important aspect 
of environmental pollution in the wake of rapid industrilization 
and ever-increasing use of pesticides in agriculture. It has assu-
med a stage of great concern in almost every part of the world. 
During the last two decades, knowledge of soil pollution due to 
sewage sludge, industrial wastes, domestic solid wastes, pesticidi-
cal residues etc. has increased in leaps and bounds (3,4). 
An application of sewage wastes to soil contributes substan-
tially to the nutrient supply of crops (5,6). At the same time it 
provides a more environmentally safe disposal system for many 
sludges. However, the intrusion of industrial waste into the 
sewage systems contributes hazardous materials along the valuable 
nutrient supply. These hazardous materials includes both inorganic 
and organic chemicals which accumulates in soil and move into the 
plants. Pesticides residues, fertilizers impurities and municipal 
sludges also arose a serious problem of soil pollution. 
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COMPOSITION OF SOIL 
Soils are formed by the natural processes of disintegration 
of rocks and organic matter under various climatic conditions. The 
soils are composed of five major components; soil air, soil water, 
organic matter, living organisms and mineral matter. Air and water 
together occupied the half of the soil's volume, the volume so 
occupied being the pore spaces. Organic matter contributes 1 to 5^ 
and microorganisms making up about 1% of the total volume. These 
are essential for crop production and soil fertility. 
MINERAL MATTERS 
The mineral matter, a product of physical and chemical 
weathering of rocks consists of particles of various sizes, those 
in the finer state of sub-division (<0.002 mm) form the clay frac-
tion of the soil. The properties of soils are determined more by 
the type of the clay mineral fraction present than any other cons-
tituent of soil materials. For long clays were considered to be 
composed of amorphous matter but extensive studies of X-ray differ-
action patterns (7,8), electron microscopy (9), D.T.A. (lO) and 
I.R, Spectra (11) revealed that even the finest fractions of clays 
were crystalline in nature and made up of comparatively few and 
simple building units. According to Hidding (7) the clays are com-
posed of alternately parallel two dimensional layers of silica 
tetrahedron and alumina octahedron sheets. The difference in the 
special arrangement of these units in the crystal lattices gave rise 
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to different groups of clay minerals. The important clay minerals 
which are commonly distributed in soils are as follows: 
Kaolinite 
Kaolinite is a hydrous aluminium silicate of approximate 
composition of Al2Oo.2SiO2.2H2O. Its name was first suggested by 
Johnson and Black (12) in 1867 and structure was given in detail by 
Grunar (l3) and Brindley and Robinson (l4). Kaolinites are composed 
of an alternate combination of a single tetrahedral sheet of silica 
and a single octahedral sheet of alumina in such a way that the tips 
of silica tetrahedral and a layer of octahedral sheet of alumina 
form a common layer. The mineral thus can be described as having 
1:1 non-expanding lattice, where two adjacent sheets are held up 
together by hydrogen bonding. They have such a strong hyarogen 
bonding that they do not allow water to penetrate between the layers 
ana this explains the comparatively low moisture contents ana low-
swelling of these clays. Structural formula may be expressed as 
(CH)gAl4Si40.Q and the size of the unit cell is 7.2A°, Vide Figs.-
1.Ua) and l.2ia). The general shape of the mineral is thin, plate 
like hexagon. The space lattice of the mineral is such that there 
is little or no substitution of ions is possible in Kaolinite. Hence 
there is no adsorption of exchangeable bases on its surface under 
ordinary conditions. The cation exchange capacity is insignificant 
(3-15 meqlOOg'^clay). 
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Montmorillonite 
Montraorillonites are swelling and sticky clays. It has been 
assigned the formula iOH)^SiQA1^0^^,TM20 by Lechatellier (l5). 
Structurally the mineral consists of three layers, an alumina sheet 
enclosed between two silica sheets with their vertices pointing to 
each other and towards the centre of the unit. As in Kaolinite, 
these layers are glued together by primary valence forces due to 
sharing of oxygen atoms in vertex position. 
Marshall (16) and Hendricks (17) showed that montmorillonite 
always differs from its theoretical formula (OH) .SigAl .0^ ,^  .nH20; 
Si02 ^ •^'^ »^ ^2*^3 ^^'^ because of substitution within the lattice 
of Al, Mg, Fe, Zn, Cr etc. and of Si by Al or P, giving a series of 
group minerals. X-ray studies have shown stacking of silica-alumina 
silica units in the c-direction, layers being continuous in direc-
tion a and b with the result that there exists a weak bond between 
them and an excellent cleavage. V^ ater and other polar molecules can" 
easily penetrate between the unit layers causing the lattice to 
expand in the c-direction. The c-axis dimension is, therefore, not 
fixed but varies from 9.3A to substantially complete separation of 
the individual layers in some cases (Figs.-1.1(b) and l.2ib}. The 
cation exchange capacity of the mineral is high and varies from 80 ' ' 
to 120 meq100g~ clay. 
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Illite 
The basic structure of illite is very similar to that of 
montmorillonite having 2:1 type of basic unit structural arrange-
ment (18) with the difference that some of Si(+4) is replaced by 
Al(+3) and the resultant charge deficiency is balanced by K ions 
between the silica sheets of two successive units that act as a 
bridge in holding adjacent layers together so that they do not 
expand in presence of water. The structural formula of the mineral 
proposed by Hendricks and Ross (19) is (0H)4(K.Ga^Na) 1.68 
^^^7.30^0o70^ ^'^0.94^^?!94^^o!38^9o!8^°20- ^^^ ^^^^ °^ ^ ^^ ^ "^^ 
cell is 10A°. Isomorphous substitution is possible within the 
lattice resulting in wide variation in their composition. Because 
of its close resemblance with mica, it is considered to be a member 
of mica group. The cation exchange capacity of illite varies from 
20 to 40 meq 100 g clay. 
Vermiculite 
The structure of vermiculite was first studied by Gruner(20) 
and later modified by Hendricks and Jofferson (21). The structure 
is similar to that of illite but two layers held more weakly bound 
together by hydrated magnesium (6 water molecules in octahedral co-
ordination with Mg) rather than tightly bound K ions as in illite. 
A general formula for natural veimiculite is (OH)^(Mg,Ca)(Sig_ Al ) 
(Mg.Fe),020.YH20 where x= 1 to 1.4 and Y= about 8. It has more 
swelling property than illite but not as much as montmorillonite. 
The cation exchange capacity of vermiculite varies from 100 to 150 
meq 100 g'^clay. 
: 9 : 
Chlorite 
The structure of chlorite is suggested by Donahue et.al.(22). 
It is often called 2:2 type clay because it is similar to the unit 
lattice of vermiculite except that hydrated mangnesium in verraicu-
lite is a firmly bonded mangnesium hydroxide octahedral sheet in 
chlorite. Chlorites do not swell when wetted with water and have 
low cation exchange capacity varying from 10 to 40 meqioOg" clay. 
Amorphous Clays 
Amorphous clays are the mixtures of silica and alumina, 
containing weathered oxides of iron etc. that have not formed well 
oriented crystals. These are common in soils and exists in varying 
proportions. Their properties axe usually uncommon such as positive 
charge or anion exchange property that depends upon the pH and the 
salt solution of the soil. 
SOIL ORGAT^ IC MATTER (SOM) 
The soil organic matter (SCM) or humus, a component of soil 
may be defined as the organic residue left behind after chemical 
and/or microbial decomposition of plant and animal remains, frequ-
ently dark coloured and possessing certain characteristics in its 
physical and chemical properties (23). Its synthesis and degrada-
tion constitute a dynamic process and is governed largely on the 
soil environment. In general, humus may be divided into two main 
groups as follows: 
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a) Humic Substances 
Transformed products bearing little or no resemblance to 
the anatomical structures from which they are derived. 
b) Non-humic Substances 
Unaltered remains of plant and animal tissues and some 
organic compounds are grouped as non-humic substances. 
The humic substances can further be sub-divided into three 
main groups namely: 
1. Humic acid: Soluble in alkali but insoluble in acids 
2. Fulvic acid: Soluble in both alkali and acids 
3. Humin: Insoluble in both alkali and acids 
During the last few decades, accumulation patterns of humic 
and fulvic acids has extensively been studied by various workers 
(24,25) in details. They showed that humic acid concentrated prin-
cipally on the soil surface or immediately below the surface horizon 
while fulvic acid fraction was found to remain at much below the 
surface (26). 
The chemistry of humic substances has been studied in recent 
years (27,28) to characterize their composition and properties in 
soil. Various degradative and non-degradative methods have been 
employed which reveal that the major functional groups in humic 
materials are those containing carboxyl, methoxy, amino, secondary 
amine and ring nitrogen. The presence of large concentration of 
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oxygen containing groups (-COOH, -OH and -C=0) in humic materials 
tends to make them hydrophilic, while the presence of aromatic 
rings and aliphatic carbons provide them a hydrophobic nature. Thus, 
the humic materials are considered to have a simultaneous, hydrophi-
lic as well as hydrophobic nature and hence capable of adsorption of 
hydrophilic and hydrophobic substances on its surfaces. 
On the basis of numerous analysis made on humic and fulvic 
acids, the main difference between model humic acid (HA) and fulvic 
acid (FA) were reported (29) as follows: 
Total acidity, alcoholic OH and -COOH contents of the FA are 
appreciably higher than HA while the number of phenolic OH, total 
-C=0 and -OCH^ groups are approximately same in both the substances. 
The macromolecular structure of fulvic and humic acids has 
been studied by various workers (30,31) and the concepts of "Sphero-
colloid" and "Flexible linear configuraiion" were suggested. It was 
shown that the HA and FA behaves like "Sphero-colloid" at low pH or 
in presence of sufficient neutral salt concentration while they are 
"Flexible linear colloid" (25) in natural soils. The chemical struc-
ture and reactions of humic substances have been a subject of inten-
sive researches of nearly two centuries but yet remains to understood 
much about these substances. 
Humin is a fraction of soil humus which is strongly bound to 
clay minerals. Zyrin (32) reported that a part of humic substance 
known as humin, consists of humic and fulvic acids, but the major 
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difference is the concentration of oxygen and hydrogen which is 
higher than that extracted from the decalcified soil. Banerjee and 
Mukherjee (33) reported the presence of hymatomelanic acid in humin, 
besides the hunic and fulvic acid content. Certain other organic 
Compounds such as aliphatic and aromatic acids, amino acids, poly-
saccharides etc. have been reported to link with huraic acid in soil 
(34). 
SOIL AIR 
The soil air mainly consists of oxygen, carbon dioxide, 
nitrogen, nitrous oxide etc. It has been observed that the composi-
tion of soil air varied with the climatic conditions (35) as well as 
with the nature of the soil (36). Nitrogen and nitrous oxide gases 
have been measured by some workers using IR and gas chromatography 
techniques in some soils (37) which may be a cause of nitrogen losses 
under anaerobic conditions due to denitrification processes. Some of 
physiologically active gases like ethylene, methane, hydrogen-
sulphide etc. have been reported to be formed in water logged soils 
by microorganisms (38). 
SOIL WATER 
Soil water is an important constituent of soil which helps to 
control soil air, soil temperature, evapotranspiration requirement 
and supply of nutrients to growing plants (39). The soil water con-
tent varies with the soil texture and ranges from 5.1 to 11.9% (22). 
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A relationship between the nature and amount of clays in 
soil and water retention capacity was observed by Ali and Biswas 
(40). It was found that the water retention and release were 
highest in bentonite followed by illite and kaolinite respectively. 
The amount of available water in soil was also found to be related 
with silt (41) and organic matter content (42). The movement of 
water in soil is influence by the location, extent and physical 
characteristics of the different horizones (43). 
LIVING ORGANISMS IN SOIL 
It has been well established that the soil is characterized 
by a distinct microbiological population made up of specific groups. 
Growth and accumulation of microorganisms reported to be vary with 
the organic substrate level, nutrient status, pH, aeration, moisture 
availability and temperature (44). Small living things (microbials 
or microorganisms) are biologically classified as plant (microflora), 
animal (microfaune) and are considered to be present in soil surfaces 
or in top few inches of the soil having their population in billions 
per gram of soil (22). 
Soil microflora consists of bacteria, fungi, actinomycetes 
and algae which occurs in almost all types of soils: 
a) Bacteria 
Bacteria are most abundantly present in s o i l s . These are 
unice l lu la r organism and include spore forming and non-spore forming 
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d) Algae 
Soil algae are microscopic, chlorophyll bearing green 
coloured organisms. Their ability to produce chlorophyll makes 
their lives in the soil especially on its surfaces, independent of 
the presence of organic matter. 
Soil microfauna comprises of the following groups of animals: 
a) Protozoa 
The main protozoan groups are amoebae, flagellates and 
cilliates. Protozoa exert a controlling effect upon the abundance 
of bacteria, thus affecting adversely a variety of soil processes. 
b) Nematodes 
Nematodes are microscopic, unsegmented, thread like worms ana 
may be classified according to their feeding habits. Parasitic 
nematodes are common in soils. 
c) Higher animal forms 
These include rotifers, earthworms and larvae of insects. 
These organism have a variety of functions in soils. Ability of 
some soil inhibiting insects to attack certain higher plants fre-
quently makes them of great economic importance. The action of 
earthworms as soil cultivators places them in an important category. 
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ESSENTIAL ELEMENTS FOR SOILS AND PLANT GROWTH 
An element is not considered essential unless a deficiency 
of it make its impossible for the plant to complete its life cycle, 
Of the more than 100 elements, only 16 are known to be essential 
for plant growth and reproduction. These elements are carbon, 
hydrogen, oxygen, nitrogen, phosphorus, potasiun, sulfer, calciuii, 
magnesium, iron, boron, manganese, copper, zinc, molybdenum and 
chlorine. According to the requirement of these elements by plant 
and soils, these are classified into two groups namely macro or 
major nutrients and micronutrients. 
MACRONUTRIENTS 
Nine elements namely carbon, hydrogen, oxygen, nitrogen, 
phosphorus, potassium, calciun, magnesium and sulphur are needed 
in large quantities and hence are called macronutrien-cs. Plants 
+ 2-
take up carbon as CO^, hydrogen as h and H2O,'oxygen as 0 , OH , 
- 2- + 
COT, SO4 and CO2 mostly through leaves, nitrogen as Ui^ and NO3, 
— - + 2+ 
phosphorus as H2PC. and HPO^, potassium as K , calciun as Ca and 
2+ 
magnesiun as Mg . Nitrogen, phosphorus and potassiua are most 
important macronutrients for the proper growth of plants and are 
thus being supplied to meet the plants requirements in the form of • 
chemical fertilizers. 
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Nitrogen 
Nitrogen is the most important element for plant grov/th. It 
is a constituent of plant proteins, chlorophyll, nucleic acids and 
other plant substances and hence needed in large amount. 
Poor plant yields are mainly due to a deficiency of nitrogen. 
Under its deficiency, the leaves are small, the stems are thin and 
upright and lateral shoots are few. The leaves usually have a pale, 
yellowish green colour in the early stages of growth and many deve-
lop yellow red or purple colours at later stages. In addition, 
nitrogen increase the proportion of water (45) and decreases the 
percentage of calcium (46) in plant tissues. Symbiotic fixation of 
nitrogen by legume bacteria can add 45 to 250 ponds per acre of 
nitrogen depending upon the type of legume plants. In a non-symbio-
tic fixation, certain types of microorganisms like bacteria and blue 
green algae exist in soil and water, convert nitrogen into the body 
tissues and then release it for plant use when they die or decompo-
sed. 
Organic nitrogen depleted from the soil through oxidation 
and microbial activities. The rate of this loss depends upon 
various factors such as soil texture, soil temperature, aeration and 
erosion etc. Nitrate (NO3) is the most readily leached foia of 
nitrogen, while the ammoniun (NH^) ions which are held at cation 
exchange sites, resist leaching. 
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Phosphorus 
Phosphorus is the second most important element just next to 
nitrogen. The nucleus of each plant cell contains phosphorus and 
therefore, cell division and growth are mainly depend upon the 
availability of phosphorus. 
Phosphorus nutrition is doubly critical because the tot.al 
supply of phosphorus in most soils is low and it is not readily 
available for plant use. Phosphorus in soil is present in both 
organic and inorganic forms that may vary with the organic fraction 
in soils. Plant utilize phosphorus in its mineral forms and hence 
the organic foims have to be mineralized before it is available to 
plants. 
Acidic and alkaline reactions in soil restrict and reduce 
phosphorus availability. However, a pH range between 6.5 to 7.5 
is ideal for its availability. The original source for phosphorus 
is apatite (Ca^CPO^)^?), a calcium phosphate of low solubility. The 
solubilized ion (H2PO4) readily react with the soil ingredients 
like iron, aluminium and calcium and forms insoluble phosphates. 
This process is called phosphate fixa'cion. 
Potassiun 
The amount of total potassium in most of the soils is suffi-
cient to last several lifetimes, because some soil potassium is a 
constituent of very slowly soluble minerals, such as orthoclase 
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feldspar (KAlSi^Og), so the resulting soluble potassium is only 
sparsely available to plants. Potassium in plants stays in a mobile 
form rather than as an integral part of any fixed compound. It helps 
to maintain cell permeability, aids in the translocation of carbo-
hydrates (47), keeps iron more mobile in the plants and increases 
the resistance to certain diseases. 
Potassium occurs in both soluble and insoluble forms in the 
mineral matter of the soils. Three different forms of potassium are 
found to occur (48) in soils, namely non-exchangeable, fixed ana 
very slowly available. The fixation of added potassium in soils 
depends upon soil texture, kind of clay mineral, intensity of drying 
and the level of initial exchangeable potassium. 
MICRONUTRIENTS 
Iron, manganese, zinc, copper, boron, chlorine and molybce-
num are known as micronutrients or trace elements because they are 
required by plants in very small amounts but these are not of less 
importance. Their essential role is as activators in numerous 
enzyme systems. 
Most of the micronutrients occurs as contaminant minerals in 
the larger masses of the common primary minerals of rocks. Soil pH, 
liming and phosphorus levels influence micronutrient availability. 
All except molybdenum are more soluble and thus more available in 
strongly acid media. Heavy applications of phosphates can cause 
micronutrients deficiences in some soils, particularly of zinc and 
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iron by the formation of insoluble phosphates, thereby reducing 
soluble zinc and iron in soils. There are many interactions of 
micronutrients in soil, causing the maintenance of available 
micronutrients a complex problem. 
PHYSICO-CHauCAL PRCPERTIHS OF SOIL 
Mechanical Composition 
The first information required about a soil is its mechani-
cal composition. By mechanical composition or texture is meant the 
particles of various sizes such as gravel, sana, silt and clays in 
soils. The particles size distributes of a soil influences its 
chemical, physical and biological properties, while clay particles, 
which have a large surface area, determines most of its chemical 
and physico-chemical properties. Particle size distribution in 
soils influences, the water holding capacity and hence the water 
supply to plants. It also influences the strength and compressibi-
lity of soils. The success of any mechanical analysis depends 
firstly upon the preparation of the sample to ensure complete dis-
persion of all aggregates into their individual primary particles 
without breaking up the particles themselves, and secondly upon the 
accurate fractionation of the sample into various separates. 
Soil pH 
Soil pH is an important property as it controls the avail-
ability of nutrients to plants, the bacterial activity and physical 
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condition of the soil. The pH is defined as—log._aH . The soil 
pH provides various clues about other soil properties. The soils 
low in pH (4 to 5) usually have high and toxic concentration of 
soluble aluminium and manganese. Acidity in soils arises from 
several different sources, like the presence of humic substances, 
nature of the alumino-silicates in clays and their hydrolysis, pre-
sence of hydrous oxides and other soluble salts. On the other hand 
alkaline soils with a high percentage of exchangeable sodiun have a 
high pH value above 8.5 and it may be aue to the presence of sodiun 
bicarbonate and sodium carbonate in soils as soluble salts. 
Electrical Conductivity (E.G.) 
It gives an idea about the total soluble salts content in 
soils. Soil salinity scale based on electrical conductance of the 
extract. For saline soil, the salt content is more than 0.3% or 
E.C.->4.0 mmhocm" . Electrical conductance of a solution increases 
approximately 2% per degree centigrade. Electrical conductivity of 
the irrigation waters may range from 0.1 to 0.75 mmocm" or below. 
High salinity hazard is incurred in case of irrigation water having 
conductance much above this range. The salinity is due to the 
presence of NaCl and Na2S04 as soluble salts in soil. 
Echangeable Cations 
The clay lattice carries a net negative charge which is 
compensated by cations which are located on the unit layer surfaces. 
In oresence of water, these compensating cations have a tenaency to 
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diffuse away from the layer surface since their concentration is 
smaller in bulk solution. These compensating cations act as the 
counter ions of the double layers and are exchangeable for other 
cations. The major exchangeable cations on exchange sites in soils 
are Ca , Mg "*", H , Na"^ , K and Al etc. The organic cation can 
also replace the inorganic cations causing exchange adsorption. The 
proportions of exchangeable cations on the colloid surfaces are 
constantly changing as ions are added from dissolving minerals. 
Cation Exchange Capacity 
The term base exchange capacity or cation exchange capacity 
defined as the power of the soil to combine with cations in such a 
manner that they cannot easily be removed by simple leaching with 
water, but can readily exchanged by an equivalent amount of other 
cations. In other woraes, it represents a limit beyond which the 
salt would be availaoie in soils as soluble salts or in the hydro-
lysed state. The cation exchange capacity gives a measure about 
the colloidal content of the soil and their capacity to store and 
yield the cation neeaed by plants. It is the most important 
criteria in identifying the clay minerals. 
THH SOILS OF ALIGAfiH DISTRICT 
Aligarh covers an important area among the districts of 
Uttar Pradesh (India). The district lies towards north of the 
Ganga-Yamuna doab within the parallels 27° 29' and 28° 11' north 
latitude- and 77° 29' and 78° 38' east latitude. The district is 
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of fairly big size with an area of 1950 sq. miles. Its alluvial 
deposites have a gentle slopes from north-west to south-east. There 
are several natural depressions apart from those formed by the 
river valleys and drainage lines. Topographically the district 
present a trough like appearance with high Ganga and Yamuna banks 
at the extreme rims. 
The climate of the district is semiarid subtropical with 
mean annual air temperature of 26.7 C and mean annual rainfall of 
775 mm. A fluffy layer of salts, about 2.5 cm thick, is observed 
on the surface during dry months. Water-table fluctuates between 
0.2 and 2.0 m depth. The soils of the district are alluvial with 
little leaching and considerable accumulation of salts on the sur-
face. The alluvial beds varying from olive brown to ash grey in 
colour, very strongly alkaline to weak alkaline in nature, pass 
through the successive layers of sand, sandy-slit and clay with 
occasional compact beds of kankar of an indurated character. Accord-
ing to the order of the genesis of the principal soil types, the 
district of Aligarh has been grouped into six natural soil regions 
as shown in Figure-1.3. 
Soils of Aligarh district have also been classified as 
"Hirapur Series" by National Bureau of Soil Survey and Land Use 
Planning (49). This series is distributed extensively in Aligarh 
and adjoining district of U.P. These soils are imperfectly drained 
and shows moderately slow permeability. 
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Soil pollutants can be classified into two major groups; 
Inorganic pollutants and Organic pollutants. 
Inorganic Pollutants 
Among the inorganic pollutants, heavy metals received most 
attention. Toxic behaviour of trace metals in plants and animal 
have been studied in details during the last few decades (50-54). 
Heavy metals like lead, cadmium, chromium, nickel and silver have 
significantly been detected in soil due to industrial effluents, 
organic wastes, refuse burning, transport, power generation, smoke 
release from domestic and industrial Chemneys etc. (55-57) and also 
found to depress the plant yields at their different levels of 
application. 
These heavy metals while reaches soil in a relatively non-
toxic form, combine with soil organic matter and become toxic (58). 
A thorough survey of literature shows that the heavy metals caused 
a significant loss to our agricultural products (59-62) which is 
used by animals and man. Naplekova and Stepanova (63) have observed 
the effect of heavy metals on microflora of the soils. They have 
shown that lead and cadmium affected the soil biological activity 
differently depending on soil type. They have also shown that the ' 
microbial activity increased towards the end of the growth period 
which is related to the supply of nutrients from the soil. It has 
been observed the Pb does not affect the alfalfa yield at its 250ppm 
level of soil application (64) while the same level of Cd and Ni 
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depressed the yield to a considerable extent. Ito and Yumura (65) 
reported the order of various trace metals to cause 50 percent 
growth inhibition of vegetables as Cr> Ni^ As> Cd>Pb. Plaquet 
et, al. (66) conducted an experiment with peat soil and applying 
sewage sludge containing heavy metals. They observed that diffe-
rent species of plants contained different amount of heavy metals. 
This aspect of heavy metal pollution have also been observed by 
many other workers (67). 
Movement of heavy metals through soils profile have been 
reported to depends on various factors such as nature of soil cons-
tituents e.g. nature and extent of clay, iron and manganese hydrous 
oxide, complexation with soil organic matter, humic acid and fulvic 
acid etc. (52,53). Heavy metals when come through automobile 
exhaust, fertilizer impurity or any other inorganic form caused a 
lesser degree of their toxicity in comparison to when they comes in 
organically bound form to soil. 
The heavy metals toxicity and their mobility through soils 
are largely affected in the form of metal-SGM, metal-HA complexes. 
These complexes are reported to interfere with trace elements in 
soil and alter the absorption of nutrients by plants. Thus, causing 
an industrial pollution (50-54). 
Organic Pollutants 
The sewage sludge, domestic and industrial waste reported to 
contain many types of organic compounds like alcohol, keione, 
: 27 : 
aldehydes, amines and others, it is obvious that these organics 
influence the adsorption and interaction of each others with clays 
and soils (68). Pesticides, plant growth regulators and fertili-
zers are used beneficially in many agricultural practices. However, 
their indiscriminate utilization and lacks of knowledge of their 
applications to the farmers caused a serious problem of soil pollu-
tion. Accumulation of pesticides in soils and subsequent mobiliza-
tion into the plants has aroused a serious concern (69,70) and 
causes many injurious effects on the microflora as well as pollu-
tion of soils and ground water (71,72). 
Some recent studies on the adsorption and interactions of 
organic compounds with soils and clays have shown that the struc-
ture of organic molecule plays an important role in these reaction 
(73). Other factors such as climatic influence, soil texture, clay 
composition, moisture level, alkalinity, salinity, exchangeable 
cations, soluble salts, E.C. and soil pH play important roles in 
their interactions. The interactions of organic chemicals with soil 
particles reported to alter the microbiological processes like 
ammonification, nitrification and denitrification etc. (74), thus, 
affecting the plants yield, 
A large number of organic compounds have been recognised as 
soil pollutants, Major groups of organic pollutants and their 
toxicological effects can be described as: 
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a) Herbicides 
There are numerous organic chemicals which exhibit herbici-
dal and plant growth regulator and varied from biological, physical 
and chemical standpoints. The substituted urea class of herbicides 
contains a number of widely used compounds (Diuron, raonouron, norea, 
siduron). The members of this class are used at high concentration 
rates as soil sterilants and at low rates as selective pre- and 
post-emergence herbicides in crop production. The phenoxyalkanoic 
acid herbicides are used primarily as foliar-applied treatments. 
2,4-D; 2,4,5-T; MCPA and 2,4-D3 are most widely used herbicides of 
this group. The principal chlorinated aliphatic acids are dalapon, 
TCA and FW-450. Amitrole, pyridines, dipyridyls and N-aliphatic 
carbmates are other important classes of herbicides. 
Movement of herbicides in soil is regulated by the sorption 
process. The degree of sorption, is regulated by the nature of the 
herbicides molecule (75), persistance of herbicides in soils causes 
injuries to plants (76). Some herbicides remain at specific appli-
cation sites in soil and toxicity follows as the plant grows into 
those sites, 
b) Insecticides 
Insecticides are not only applied directly to soil to kill 
soil-borne pests but also reach the soil when applied as sprays or 
dusts to the plants. A large proportion of the amounts used ulti-
mately reaches the soil and affects organisms in these environments. 
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Organochlorines Insecticides are very toxic to arthropods and 
persistent in soil. DDT, chlordane, heptachlor, dieldrin, endrin 
and endosulfan are generally used. They are all broad-spectrun 
insecticides active against a great variety of pests. 
Organophosphorus compounds forms an important class of insec-
ticides. More than 10,000 different organophosphorus compounas have 
been synthesised and evaluated as pesticides. Organophosphorus 
insecticides reported to be acutely toxic to many forms of animal 
life. Parathion and certain related compounds are generally toxic 
to nearly all types of animals. Paraoxon is highly toxic to higher 
animals, LD^Q is 3.5 mg/kg. 
c) Fungicides 
Fungicides are those chemicals which are used to control 
various fungi and fungus borne diseases like blights, scab, spot, 
smuts, rot etc. Fungi are pathogenic organisms which are present 
on foliage surface as powdery mildews or they may ramify through 
plant tissues and produce reprocuctive spores at the outer plant 
surface to enable the infection to spread. 
Surface fungicides such as organic mercury, alkyl mercury 
ana phenyl mercury appeared to cause wide spread environmental 
hazards due to much toxic mercury (77). The organic thiocarbaaiates 
such as thiram, ziram and maneb etc. and phenolic conuDOunds such as 
dinitrophenol, dinocap and many others have been used as organic 
surface fungicides to replace crganic mercury compounds. 
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Systemic fungicides are absorbed into the plants through 
leaves, roots and seed and are translocated within the plant tissues. 
This group is more effective than the surface fungicides. All syste-
mic organic fungicides have low toxicity to plants, birds and 
mammals, so they are not potentially hazardous in the short term. 
TRANSLOCATION OF POLLUTANTS IN SOILS 
The movement of chemical substances in soil may influence 
both its effectiveness and potential as a contaminant in adjacent 
soil, water or air. The substances moves predominantly in vertical 
direction in the zone of aeration above the water table (78). The 
chemical substance in soil may translocate due to two general 
processes namely mass transfer and diffusion. Any movement to a 
considerable distance is said to be occurred by mass transfer. It is 
caused by water percolating downward or absorption upward through 
soil pores. Furthermore, the soils have pores of various sizes, 
therefore, the mobility of a particular substance in soils varies 
with particle size. 
Interactions with the soils itself is a highly significant 
factor which retards the movement of chemicals in soil. Cation 
exchange and specific adsorption are the main sources of heavy 
metals loss by adsorption process. In specific adsorption, the 
cation species are adsorbed in excess of the surface charge at high 
bonding strength. Various heavy metals have been reported to be 
specifically adsorbed over these surfaces, for example, Cu and Ni on 
soil organic matter (24), Cd on freshly precipitated Fe and Al gel 
: 31 : 
(79). Basic pesticides were reported to be adsorbed strongly on 
soil organic matter (80). Various other factors which affects the 
mobility of chemical substances in soils have been reported by 
Bailey and White (81) and others (82). Some important parameter 
like nature of chemical substance and soil colloids, soil pH, 
exchangeable cations and anions etc. have been reported (83,84) to 
affect the translocation process in soil. 
SOIL THIN LAYER CHRCMATOGRAPHY 
Thin layer chromatography (TLC) is an inexpensive, sensitive, 
selective and rapid tool of analytical chemistry used for sepration 
and identification of organic and inorganic compounds (85,86). 
Helling and Turner (87), first introduced soil thin layer chromato-
graphy for studying the pesticides movement in soils oy applying 
thin layers of soils on glass plates. Later, Rhodes and Long (82) 
used soil TLC for the determination of mobility of agrochemicals in 
soil. In recent years this method provides a great deal of informa-
tion regarding the mobility of trace metals, organics, heavy metals 
and other agrochemicals in soils and about the various factors 
affecting the mobilities of these chemicals (88,89). 
Soil thin layer chromatography is an adsorption chromato-
graphy where the adsorbent is a thin layer of soil deposited on a 
glass plate. Soil component provides an adsorptive phase where 
adsorption and desorption takes place very rapidly ana reversibly. 
Constituents like soil organic matter (SOvi) further increase the 
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adsorptive property, this makes the soil more effective as a static 
phase in soil TLC. 
The preparation of soil TLC plates is carried out by spread-
ing a uniform thin layer of aqueous soil slurry with the help of a 
conventional TLC applicator. It is then allowed to stand overnight 
for drying in vertical position as suggested by several workers 
(90,91). The thickness of the layer on soil TLC plates in the range 
of C.15 to 2.0 mm is importan'c with respect to R^  for diagnostic or 
qualitative work (92). Better results obtained if the layers are 
thin because the spray reagent is much more sensitive when it does 
not have to searcn for tiny amounts of substance in a large amount 
of adsorbent. 
The amount of substance applied aepends upon the layer thick-
ness and the visualization method which are inversely proportional 
to each other. The substance to be stuaied is normally applied by 
touching the tip of a filled capillary, micropipette or microcurette 
to tne adsorbent layer. The sample is placed or spotted about 3 cm 
aoove the bottom ena of the plate so that the solvent level will be 
at least one cm oelow the centre of the spot. The diameter of the 
spot should not exceed 0.5 cm and shoula be as small as possiole. 
These plates then aeveloped in developing solution in a closea, 
saturated system, such that the bottom of the layer dips into the 
developing solvent. After the solvent ascends 10 to 15 cm, the 
plate is removed, air dried, and usually Detected by some chemical 
reagents used as detectors, besides this fluorescence, ioaine vapour, 
LV light ana raaioactive scanning are the other methods of aetection, 
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The mobility is estimated as R^-value which is the ratio of the 
distance travelled by the substance to that of solvent (92). 
Mobility of the chemical substances can be affected by alter-
ing the conditions of the static phase (soils), developer and the 
applied substances. This provides a very large field of application 
of soil TLC for investigating the mobility patterns of various orga-
nic and inorganic chemicals used or found in soils. 
THE PROBLEM 
A rapid industrialization and urbanization of agriculi:rual 
lanas aroused a serious concern over the quality of good production. 
It has been observed from data reported in literature that heavy 
metals and other pollutants like pesticides and their residue, 
phenolics etc. significantly affect the crop production as well as 
soil properties and also biological status of the soil. 
Industrial wastes, sewage sludges, domestic wastes, fertili-
zers impurities and many other processes like atmospheric fallout 
from smelter, auto exhaust, have produced the heavy metals contami-
na"Cion of soil and plants. (Vhich increase the concern over iihe soil 
pollution, and adversely affects the animal health. Particular con-
cern has been generated over the possibility of toxic elements 
entering the food chain through plants. In order to devise methods 
for minimizing the content of these metals into food, information is 
needed about the behaviour of these pollutants with soil components 
and their effect on the availability of essential elements to plants 
growth as well as nutrients uptake by them. 
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The reactions of soil organic matter with heavy metals in 
soil solution has been the subject of intensive research and debate 
during the last few decades. Studies on the adsorption and inter-
actions of heavy metals with soil organic matter, humic acid, 
fulvic acid and other organics produced as a result of chemical as 
well as microbial activities have been reported in detail. But, 
the role of heavy metal-organic matter, humic acid complexes on the 
soil chemical properties, nutrient availability and on the growth 
of plants under Indian climatic conditions are still unexplored. It 
was therefore considered worthwhile to undertake studies on the 
following lines: 
a) Studies on the mobility of heavy metals in soils as affected 
by chemical fertilizers and pesticides. 
b) Influence of Nickel(II)- and chromium (ill)-Humic acid complexes 
on major nutrients (NPK) status of the soil. 
c) Influence of heavy metal-Humic acid complexes on the growth ape 
nutrients concentration of ."/heat (Tritjcum aestivum) plants. 
d) Influence of heavy metals on the translocation of some micro-
nutrients through soil in presence of added organic matter and 
humic acid. 
e) Studies on the effects of some phenolic compounds in absence 
and presence of Pb(ll) on the transport of some plant nutrients 
through soil. 
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CHAPTER-II 
STUDIES ON THE MOBILITY OF HEAVY METALS IiN SOILS AS AFFECTED BY 
CHSvilCAL FERTILIZERS AND PESTICIDES. 
: 42 : 
INTRODUCTION 
Heavy metals in soil, because of their great potentialities 
for crop response, have been subject of extreme importance in 
recent years (1,2). It has been observed that certain heavy metals 
like lead, chromium, copper, nickel and manganese etc, which are 
present in agricultural soils in traces, influence the availability 
of other nutrient elements to plants (3). It has also been studied 
that the chemical fertilizers and pesticides which are extensively 
used in agriculture now a days for healthy plant growth, signific-
antly affect the smooth absorption of nutrients by plants. 
This present study deals with the role of some chemical 
fertilizers and pesticides on the mobility of heavy metals through 
Aligarh soil, with a view to asses their binding tendencies with 
soil particles in absence and in presence of soil organic matter by 
using soil thin layer chromatography technique. These result may 
be of immense importance in tackling the pollution caused by the 
toxic heavy metals in soil. 
EXPERIMENTAL 
The soil used in these investigations was an illitic fine 
sandy loam (depth, 0-25 cm) collected fran the Aligarh Muslim 
University Farms situated in Aligarh districtCU.P.). The physico-
chemical properties were determined as follows: 
: 43 : 
A. Determination of Mechanical Composition of Soil 
The mechanical composition of the soil sample was determi-
ned by International pipette method (4). The results obtained 
were clay 1^, sand 61% and silt 25?^ . 
B. Determination of Soil pH 
The pH of the soil was recorded with Elico pH meter, model 
LT-10 with glass and saturated calomel electrodes assembly. A 
1:2.5 soil:water ratio was used for measuring the pH of the 
soil. The pH of soil was found to be 8.8. 
C. Determination of Electrical Conductivity 
The electrical conductivity of the soil was measured with 
Philips conductivity bridge and a dip type cell at 30 + 1°C. 
A 1:2.5, soil:water ratio was used for the measurement. The 
electrical conductivity of soil was found to be 4.5x10" mmhoscm" 
D. Determination of Organic Matter 
Method of tolkley and Black (5) was used for the deteiniin-
ation of soil organic matter (SOM) content in soil. The oi^ ganic 
matter was found to be 0.41%. 
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DETERMINATION OF R^-VALUES BY SOIL THIN LAYER CHROMATOGRAPHY 
The mobility of heavy metals in terms of their Rr.-values 
through soil was determined by soil thin layer chromatography!TLC) 
as follows: 
Apparatus: TLC applicator with adjustable thickness, uniform glass 
plates (20x4 cm), glass chambers (Jars of 25x10 cm size) with 
covers, glass sprayer and a 100 mesh (BSS) sieve. 
Solutions and Reagents: 0.1M nitrate solutions of nickel, chromium, 
copper, manganese and lead were prepared in distilled water and a 
0.1% (w/v) solution of haematoxylin was prepared in ethanol. 
Preparation of Plates: For the measurement of Rr--values, the soil 
sample was grounded and passed through a 100 mesh sieve (BSS) to 
obtain a homogeneous particle size ( 150 /i). A soil slurry was 
prepared in distilled water with a soil water ratio of 1:2. Glass 
plates were cleaned with detergent solutions, water and with 50% 
methanol-water acidified with hydrochloric acid and finally the 
plates were wiped with cotton soaked with hexane. These glass 
plates were coated with slurries of soil samples to a thickness of 
0.5 mm with the help of a conventional TLC applicator. The prepared 
plates were kept on a rack and were allowed to dry at room tempera-
ture overnight. Two lines at 4 cm and 14 cm above the base were 
scribed so that a distance of 10 cm used for development of all the 
plates. 
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Application of Samples and Development of Plates: About 6 yuinitrate 
solution (0.IM) of heavy metals was applied on the base line of TLC 
plates in a single application with the help of micropipette so 
that the diameter of the spot not exceeded 0.5 mm. TLC plates were 
then developed with distilled water up to upper line on the plates 
in the closed glass chambers by ascending chromatography. To pre-
vent disintegration of soil in contact with water, wet stripes of 
filter paper about 2.5 cm wide were wrapped around the bottom of 
the plates before the development. 
Drying and Detection of Chromatograms: The developed plates were 
2+ 2+ 2+ 9+ 
air dried at room temperature. Pb , Ni , Mn and Cu were 
detected as violet colour spot of metal-haematoxylene complexes by 
spraying 0.1^ (w/v) ethanolic solution of haematoxylene, whereas 
Cr detected as bright yellow spot. 
Measurement of Rr.-Values: The R^-values (mobility) were measured by 
the relations: 
Frontal distance moved by the metal 
rt^-values = 
f Frontal distance moved by the developper 
Effect of Organic Matter: Two set of all experiments were cpnducted 
to study the effect of soil organic matter on the mobility of heavy 
metals through soil. One of soil sample was natural with organic 
matter but in other experiments soil organic matter was decomposed 
by treating the soil with 3Q% H2O2. 
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Effect of Fertilizers and Pesticides: Effect of fertilizers and 
pesticides were studied by mixing their requisite quantities in 
soil thoroughly and then this amended soil was applied on glass 
plates and developed as described earlier. 
Statistical Analysis: All experiments were carried out in tripli-
cate and data obtained were subjected to statistical analysis. 
Critical difference (C.D.) calculated at 5% level of significance 
by the method as suggested by Panse and Sukhatme (7). 
RESULTS AND DISCUSSION 
An examination of Table 2.1 shows that the mobility of heavy 
metals through soil is less in presence of soil organic matter as 
compared to the soil with decomposed organic matter. This may be 
due to the high adsorptive power of the soil organic matter (SOM) 
bound with the clay particles. The mobility of heavy metals follows 
the order Ni>Mn>Cr>Cu>Pb. This trend is found in the reverse 
order of their binding capacities with soil organic matter (8-10). 
An application of chemical fertilizers such as, Urea, Ammo-
nium phosphate, Ammonium sulphate and Potassium chloride were found 
to increase the mobility of Ni, Cr and Mn to a considerable extent 
(vide Fig. 2.1). While, mobilities of Pb and Cu remained unaffected 
throughout the range of fertilizers application except in the case 
of ammonium sulphate where Cu showed an increase at only initial 
level of fertilizer application. The mobility order was Ni>Mn>Cr 
: 47 
Cu>Pb in all cases of fertilizers application except in the case 
of potassium chloride where order was Mn>Ni>Cr>Cu>Pb, These 
results can be explained on the basis of the following reaction 
mechanisms. Various chemical fertilizers in aqueous soil solution 
may be either dissociated or decomposed as: 
KCl s^  K^ + CI" (i) 
NH2.CO.NH2 + 2H2O ^ 2NH^ + OH" + CO2 ( i i ) 
14)2504 ^ 2NH^ + SO '^ 
l4)3P04 ^ 3NHJ + P 0 | 
(NH^ ^SO^ " (iii) 
(NH. -PO. J O^" (iv) 
Adsorption sites)xE> + NH^ »- Adsorption sixes'^NH^ [v) 
Adsorption sites^^jO + K ^^  Adsorption sitesJy-K (vi) 
In the above (i) to (iv) reactions, the NH^ and K ion are 
released from the decomposition of fertilizers and are added to 
soil. These ions are adsorbed on the adsorption sites of the soil 
calloids according to equations (v) and (vi). Hence heavy metals 
become free to move through soil as soluble salts of respective 
fertilizers anions (Table 2.1) and show increased mobility. It has 
been observed that the effect of added fertilzers follows the order 
(NH4)2S04>KC1>NH2C0NH2>(NH4)3P04 which is according to their 
combined effect of dissociation constant and solubility in water. 
: 48 : 
TABLE-2.1: THE EFFECT OF ORGANIC MATTER ON THE MOBILITY OF HEAVY 
METALS THROUGH SOIL AND SOLUBILITY OF THE METAL CHLO-
RIDES, SULPHATES AND PHOSPHATES IN WATER AT 20°C.(11) 
Heavy 
Metals 
Ions 
R^-values Solubility in water (g 100 ml"^) 
Soil with Soil with- Metal Metal Metal 
Organic out Organic Chlorides Sulphates Phosphates 
Matter Matter 
Ni^^ 
Mn 2+ 
Cr 3+ 
Cu 2+ 
Pb 2+ 
0.30 
0.29 
0.28 
0.07 
0.06 
0.42 
0.40 
0.36 
0.22 
0.14 
64.2 
32.3 
58.5 
00.99 
65.52 
52.00 
12.35 
14.35 
Very soluble 
Soluble 
Insoluble 
0.00425 0.000014 
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The effect of organophosphorus insecticides namely mala-
thion, thicmeton and dichlorovos on the mobility of heavy metals 
in soil (vide Fig. 2.2) showed the mobility of heavy metals incre-
ases at the initial levels (o-0.050?^ ) of pesticides application 
except in the case of dichlorovos which increases the mobility upto 
its 0.02551^  addition. The initial increase may be due to the adsorp-
tion and blocking of the reactive sites of the soil colloids, thus, 
the heavy metals becomes free to move. But as the concentration of 
these pesticides increased the mobility of heavy metals decreased 
significantly. As their concentration increased they react with 
heavy metals and becomes immobile due to their low solubility in 
water. The possible mechanism can be proposed as follows: 
Clay-Organic y^^+_oH+o-X ^ Clay-Organic \,^+_OH.O-X 
Complex / Complex ^ 
M^-OH+0-X ^ M'*"-OH 0-X 
where - M- = Metal ions on the adsorption sites 
- M"^  = Heavy metal ion 
- O-X = Pesticide molecule 
Since the pH of the soil is 8.8, hence metal ions remains in their 
hydrated form and hydrogen bonding as shown above is quite possible 
to occur. 
In the case of substituted acetic acid herbicides, namely, 
Tricholoroacetic acid (TCA), p-Chiorophenoxy acetic acid and 
^-Naphthoxy acetic acid, the mobility of heavy metals increases 
: 63 : 
throughout the range of their addition (vide Tables 2.9-2.11) which 
may be attributed to the solubility of their complexes with heavy 
metal ions-. Again, the mobility of heavy metals in herbicides 
amended soil follows the order Ni>Mn>Cr>Cu> ?b. It may be 
explained on the basis of their solubility and complexing nature of 
these heavy metals. It has been observed (12) that the nature and 
extent of heavy metals complexation with organic substances enhance 
the mobility because of their movement as their heavy metal-organic 
matter complexes. 
: 64 
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INTRODUCTION 
An application of sewage sludge, industrial waste and-
effluent water to the agriculture soils has generated the problems 
of environmental pollution as they contain many toxic metals. Among 
various toxic metals, Pb, Cd, Ni and Cr have gained considerable 
importance because of their active participation in many metabolic 
reactions (l,2). It has been observed that the heavy metals in 
organic rich sewage sludge and soil remain in the form of their 
organo complexes (3) and hence their activity and toxicity is alte-
red. Humic acid (HA), a fraction of soil organic matter, form 
stable complexes with heavy metals by virtue of its many active 
sites, involving N, S and 0 atoms and their presence in soil have 
been reported to stimulate or inhibit the microbial activity as 
well as nutrients availability in soil (4). 
Tyler et. al. (5) reported that the addition of heavy metals 
to organic rich soil stimulates the nitrification and availability 
of phosphorus and potassium in soils. However, the role of heavy 
metal-humates in soil in altering the nutrient status is lacking in 
literature. Therefore, it was considered worthwhile to investigate 
the influence of metal-humic acid complexes on the availability of 
major plant nutrients in soils with a view to assess their role in 
soil fertility and plant nutrition. 
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watered with equal amounts of water throughout the course of the 
experiment. Samples were taken periodically by a soil sampler at 
a regular interval of seven days and analyzed for available NH^-, 
NOl- and NOZ-N by the method of Hesse (8) and available phosphorus 
(P) by Olsen method (9) while potassium was determined by flame 
photometer (10). 
DETERMINATION OF AVAILABLE AMi^ O^NIUM NITROGEN 
Reagents: 
1. 2IA potassium chloride solution- 150 gm potassium chloride was 
dissolved in 800 ml distilled water and boiled with 10 gm solid 
magnesium oxide for about 15 minutes until any ammonia present 
was expelled. The solution was then cooled and filtered before 
making the final volume. 
2. Magnesium oxide- Heavy magneium oxide was heated at 650°C for 
two hours in an electric muffle furnace and allowed to cool'in 
a desicator over solid KCH and stored in a tightly stoppered 
glass bottle. 
3. Mixed indicator- Mixed indicator solution were prepared by 
dissolving Oo'l gm bromocresol green and 0.07 gm methyl red in 
100 ml of ethanol. 
4. Boric acid- 20 gm of boric acid was dissolved in 900 ml of hot 
distilled water, 20 ml of mixed indicator solution was added to 
it after cooling the solution. Then 0.1M NaOH solution was 
added to it dropwise until the colour changed to reddish purple. 
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5. M/70 Hydrochloride acid- The standard solution of KCl was 
diluted to give an exactly M/70 solution. 
Procedure: 5 cm of each of the soil samples were taken in 100 ml 
glass stoppered conical flasks and 50 ml of 2M KCl added in each 
flask. The flasks were then shaken for an hour and the contents 
extracted through vVhatman filter paper No.42. 
10 ml of each of the KCl extracts of the soil were taken in 
distillation flasks. Also 5 ml samples of boric acid in 50 ml 
conical flasks were placed beneath the condenser. Then 0.5 gm of 
Magnesium oxide was added through a funnel into the distilled boric 
acid solution. About 30 ml of distillate was collected in each 
case and the distillate was then titrated with M/70 HCl using a 
semi-microburette, until the green colour changed to pink. A blank 
titration was also carried out in the same way. Available ammonium 
nitrogen was calculated using the relation, 1 ml of M/70 HC1=0.2 mg 
of nitrogen. 
DcTERMlNATlON OF NITRITE NITROGEN 
Reagents: The reagents were the same as described for the determin-
ation of available ammonium nitrogen. In addition Devardas alloy 
was also used. 
Procedure: After distillation of ammonium nitrogen as described 
earlier, the stopper of the flask was removed and 0,2 gm of 
Devardas alloy and 50 ml distilled water were added. The distilla-
tion flask was stoppered and nitrogen distilled in a fresh portion 
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of boric acid solution. About 30 ml of distillate was collected in 
each case and then titrated with M/70 HCl. The values of nitrite 
+ nitrate nitrogen were calculated and values of nitrite nitrogen 
were obtained by substracting the values of nitrate nitrogen from 
it. 
DETERiWINATION OF NITRATE NITROGEN 
Reagents: The reagents were the same as described for the determin-
ation of nitrite nitrogen. In addition a 2^ solution of sulphamic 
acid was used. It was prepared from the freshly recr/stallized 
reagent. 
Procedure: The experimental procedure was partly the same as des-
cribed in the determination of available ammonium nitrogen. After 
distillation of the ammonia nitrogen the stopper of the distillation 
flask was removed and one ml of a 2% aqueous solution of sulphamic 
acid was added. The distillation flask was swriled for a few 
seconas to destroy the nitrite and then 0.2 gm Devarda's alloy and 
50 ml of distilled water were added. The distillation flask was 
stoppered and ammonia distilled in a fresh portion of boric acid 
solution. About 30 ml distillate was collected in each case and 
titrated with M/70 hydrochloric acid. The value of nitrate nitrogen 
were calculated in same manner as described earlier in the determin-
ation of ammonium nitrogen. 
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DETHRMINATION OF AVAILABLE PHOSPHORUS 
Available phosphorus was determined by using Olsen's method 
(9). 
Reagents: 0.5M sodium bicarbonate of pH 8.5, darco G 6o phosphorus 
free charcoal, ammonium molybdate hydrochloric acid solution, 
stannous chloride solution and phosphorus standards. 
Procedure: 5 gm of each of the soil samples were taken in 150 ml 
conical flasks and a teaspoon of carbon black was added in each 
case. The samples were then treated with 100 ml of extracting 
solution (0.5M sodium bicarbonate). Contents of the flasks were 
shaken for 30 minutes on a mechanical shaker and then filtered 
through Whatman filter paper No.42. 
5 ml of the extracts were taken in 25 ml of measuring flasks 
and 5 ml of ammonium molybdate added. The neck of the flasks were 
washed with distilled water. After shakir^ 1 ml of stannous chlo-
ride was added and the volume made upto the mark. Blue colour then 
developed. A blank was prepared in the same way. The absorbance 
of the solutions were recorded with Bausch and Lomb SpecT:ronic-20 
Spectrophotometer at a wave length of 660 jo. using red filter. 
Results were obtained through phosphorus standard, prepared earlier. 
Experiments were carried out in triplicate and the results 
were subjected to statistical analysis at 5% level of significance. 
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RESULTS AND DISCUSSION 
The effect of Ni- and Cr- Humic acid complexes on the avail-
ability of NHJ-NO2- and NO3-N, P and K in a fine sandy loam soil 
are shown in Figures 3.1 and 3.2 and reported in Tables 3.2-3.7. 
Tables 3.2-3.7 and Figures 3.1 and 3.2 shows that amount of 
the metal-HA complexes and incubation period both influence the 
nitrogen accumulation in soil, which was found to be increase at 
lower doses and decreases at higher levels of added complexes as 
compared to the control. The order for Ni-HA complex observed was 
50> 25>0>75 >100 and 150 >300 >75> 0 >600 ppm for Cr-HA complex. 
These results indicate the toxicity order as Ni>Cr which is in 
agreement with the findings of other workers (11,12). The increase 
in the availability of ammonium nitrogen at lower dosage of metal-HA 
complexes was due to a decrease in the number of nitrifying bacteria 
and an increase in the fungi population namely, Asperrfillus and 
Penicillium (13,4) which lead to an increase in the ammonifying 
bacteria (l4). A decrease in NH^- and NO2-N at higher doses could 
be due to the toxic effect of metal-HA complexes on to the microbial 
population, which is more significant in case of Ni-HA complex due 
to its strong complexation (15), 
The NH.- and NO2-N found to be increased upto 28 and 35 days 
for Ni- and Cr-HA complexes respectively and thereafter significa-
ntly decreased, whereas the NO^-N continued to increase throughout 
the course of this experiment, which is probably due to an increase 
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TABLE-3.1: PHYSICO-CHEMICAL PROPERTIES OF SOIL COLLECTED FROM THE 
ALIGARH MUSLIM UNIVERSITY FARM AND UTILIZED FOR EXPERI-
MENTAL vVORK. 
Mechan ica l C o m p o s i t i o n {%) 
Sand S i l t Clay 
61 25 14 
S o l u b l e S a l t A n a l y s i s : 
pH 
( 1 : 2 . 5 ) 
8 . 8 
E .C . 
mhocm 
4.5x10""^ 
Organ ic • 
M a t t e r 
0 .41 
Soluble Cations 
(meq100gm~ soil) 
Soluble Anions 
(meq100gm~ soil) 
Total Soluble 
Salts 
(meqIOOgm" soil) 
Na K Ca Mg CC3 
3 .523 0 .020 0 .229 0 .452 0 .428 
Exchangeable C a t i o n s A n a l y s i s : 
HCC3 
2 . 4 3 3 
CI 
0 . 4 6 2 4.840 
Exchangeable Cations 
imeqIOOgm" soil) 
Cation Exchange Capacity 
(meq100gm~ soil) 
Na'^' Ca Mg" 
1 " ^ 5 1 2 
N u t r i e n t s S t a t u s of t h e S o i l : 
7 '5 
Available Nutrients (rngkg" soil) D.T.P.A. Extractable Micro-
nutrient Ippm) 
NH^-N 
52.00 
NO^-N 
6.00 
NO3-N 
40 .00 
P 
25 .00 
K 
76 .00 
Cu 
0 . 9 4 
Mn 
4 .00 
Fe 
10.00 
Zn 
0.28 
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TABLE-.3.2: EFFECT OF NICKEL-HUMIC ACID COMPLEX ON AVAILABLE NH -^N 
IN SOIL. 
Incubat ion 
Period (Days) 
Avai lable NHJ-N (mg Kg"^soi l ) 
Nickel-Humic Acid Complex Added (ppm) 
0 25 50 75 100 
0 
7 
14 
21 
28 
35 
42 
49 
52 
56 
58 
65 
66 
68 
66 
61 
C.D. 
CD. 
IdO: 
60 
61 
64 
70 
70 
59 
52 
50 
ses) = 
(days) = 
4, 
2, 
.10 
,66 
64 
68 
71 
74 
72 
68 
58 
56 
50 
53 
56 
63 
60 
50 
43 
40 
46 
49 
51 
56 
55 
46 
40 
40 
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TABLE-3.3: EFFECT OF CHROMIUM-HUMIC ACID COMPLEX ON AVAILABLE 
NH^-N IN SOIL. 
Incubation Available NH^-N (mg Kg"'soil) 
Period (Days) 
Chromium-Humic Acid Complex Added (ppm) 
0 75 150 300 600 
0 
7 
14 
21 
28 
35 
42 
49 
52 
56 
58 
64 
66 
68 
66 
60 
C.D. 
C.D. 
(do; 
56 
68 
71 
74 
78 
78 
70 
70 
ses) = 
(days) = 
4, 
2, 
.30 
.86 
68 
69 
73 
81 
84 
84 
80 
74 
68 
68 
70 
76 
80 
84 
78 
75 
56 
56 
59 
60 
64 
64 
60 
54 
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TABLE-3.4: EFFECT OF NICKEL-HUMIC ACID COMPLEX ON AVAILABLE NO2-N 
IN SOIL. 
Incubation Available NO2-N (mg Kg"" soil 
Period (Days) 
Nickel-Humic Acid Complex Added (p|m) 
0 25 50 75 100 
0 
7 
14 
21 
28 
35 
42 
49 
6 
10 
14 
20 
22 
19 
14 
12 
8 
10 
14 
20 
24 
20 
17 
14 
8 
12 
16 
24 
24 
22 
19 
14 
6 
8 
12 
18 
18 
14 
10 
8 
4 
4 
6 
8 
8 
6 
4 
4 
C D . (doses) = 2.73 
C D . (days) = 2.15 
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TABLE-3.5: EFFECT OF CHROMIUM-HUMIC ACID COMPLEX ON AVAILABLE 
NO2-N IN SOIL. 
Incubal 
Period 
0 
7 
14 
21 
28 
35 
42 
49 
;ion 
(Days) 
0 
6 
9 
14 
20 
24 
19 
14 
12 
C, 
G, 
Ch 
,D, 
.D. 
Available NOj-N (mg Kg"^s ;oil) 
romium-Humic Acid Complex Added ( 
75 150 
8 8 
10 12 
18 19 
20 22 
26 26 
18 20 
16 16 
12 12 
(doses) = 3.16 
(days) = 2.40 
300 
12 
14 
20 
24 
28 
22 
18 
10 
ppm) 
600 
4 
6 
8 
10 
14 
10 
8 
6 
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TA3LE-3.6: EFFECT OF NICKEL-HUMIC ACID COMPLEX ON AVAILABLE NO3-N 
IN SOIL. 
Incubation Available NO3-N (mg Kg" soil) 
Period (Days) '• 
Nickel-Humic Acid Complex Added (ppm) 
0 25 50 75 100 
0 
7 
14 
21 
28 
35 
42 
49 
40 
44 
48 
50 
52 
56 
58 
59 
C, 
C. 
.D. 
.D. 
42 
45 
46 
50 
50 
53 
49 
50 
(doses) 
(days) 
42 
44 
44 
46 
51 
54 
50. 
50 
= 4.54 
= 3.60 
35 
36 
38 
41 
44 
46 
41 
44 
30 
29 
32 
35 
39 
40 
39 
42 
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TABLE-3.7: EFFECT OF CHRCMIUi-HUMIC ACID COMPLEX ON AVAILABLE 
NOg-N IN SOIL. 
Incuba t ion Avai lable NO3-N (mg Kg" s o i l ) 
Per iod (Days) -
Chromium-Humic Acid Complex Added (ppm) 
0 75 150 300 600 
0 
7 
14 
21 
28 
35 
42 
49 
40 
44 
48 
50 
53 
56 
58 
60 
C.D. 
C.D. 
(d05 
42 
45 
50 
52 
58 
58 
60 
60 
;es) = 
(days) = 
4, 
3, 
.68 
.65 
44 
48 
52 
54 
56 
60 
60 
62 
48 
51 
50 
54 
58 
62 
56 
60 
30 
32 
35 
37 
38 
40 
44 
45 
80 
TABLE-3.8: EFFECT OF NICKEL-HUMIC ACID COMPLEX ON AVAILABLE 
PHOSPHORUS IN SOIL. 
Incuba t ion 
Per iod (Days) 
0 
1 
Avai lable Phospfjiorus (mg Kg" s o i l ) 
1 
Nickel-Humic Aci(|l Complex Added (ppm) 
25 5j) 75 100 
0 25 25 3p 19 17 
I 
1 
7 25 27 32 22 .5 19 
I 
14 27 30 p 30 22.5 
I 
21 30 35 47 35 30 
I 
I 
I 
28 35 32 fK) 37 30 
I 
I 
35 38 30 [45 40 27 
I 
42 40 27 140 38 25 
I 
I 
49 35 22.5 135 32 25 
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TABLE-3.9: EFFECT OF CHROMIUM-HUMIC ACID COMPLEX ON AVAILABLE 
PHOSPHORUS IN SOIL. 
I n c u b a t 
P e r i o d 
0 
7 
14 
21 
28 
35 
42 
49 
: ion 
(Days) 
0 
25 
25 
27 
30 
35 
38 
40 
35 
Ava l i l a b l e 
Chromium-
7 5 
27 
37 
39 
45 
47 
50 
49 
45 
Ph( 
-Humic 
asphorus 
Acid 
150 
27 
40 
42 
47 
50 
50 
48 
39 
(mg ( Kg" so 
Complex Added 
300 
32 
42 
42 
49 
5 2 . 5 
50 
49 
42 
i l ) 
(ppm) 
600 
2 2 . 5 
29 
30 
32 
35 
38 
38 
35 
CD. (doses) = 3.87 
CD. (days) = 3.25 
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TABLE-3.10: EFFECT OF NICKEL-HUMIC ACID COMPLEX ON AVAILABLE 
POTASSIUM IN SOIL. 
Incubation 
Period (Days) 
0 
Available Potassium (mg Kg"" soil) 
Nickel-Humic Acid Complex Added (ppm) 
25 50 75 100 
0 
7 
14 
21 
28 
35 
42 
49 
76 
83 
88 
96 
103 
110 
115 
119 
87 
96 
111 
113 
110 
117 
120 
123 
87 
92 
116 
117 
115 
120 
122 
123 
62 
88 
97 
100 
104 
105 
107 
105 
56 
76 
87 
95 
110 
104 
104 
106 
CD. (doses) = 5.6o 
CD. (days) = 3.4o 
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TABLE-3.11: EFFECT OF CHRCMIUM-HUMIC ACID COMPLEX ON AVAILABLE 
POTASSIUM IN SOIL. 
Incubat 
Period 
0 
7 
14 
21 
28 
35 
42 
49 
:ion 
(Days) 
0 
76 
82 
87 
98 
103 
108 
115 
120 
Ch 
C 
G 
Av ailable Potassium 
romium-Humic 
.D. 
.D. 
75 
82 
87 
95 
100 
108 
112 
116 
121 
, (doses) = 
, (days) = 
Acid 
150 
82 
90 
92 
102 
112 
114 
121 
128 
6.21 
4.11 
(mg 
Ccmpl 
Kg-' soil) 
ex Added ( 
300 
87 
95 
102 
108 
117 
125 
126 
125 
ppm) 
600 
71 
92 
99 
103 
109 
111 
117 
107 
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in the amount of humic acid and its microbial decomposition in 
soil. However after 28 days of incubation a decrease in the avail-
ability of NHt- and NO2-N and an increase in the NO^-N, could be 
caused by oxidation of ammonium and nitrite nitrogen by Nitrosomonos 
and Nitrobacter as follows: 
NH4 + 1-^ 0^  ^ NO2 + 2H^ + H^O 
NO2 + ^2 ^ *^^ 3 
Figures 3.3 and 3,4 shows that the available P significantly 
increases with increase in the addition of Ni- and Cr-HA complexes 
to 50 and 300 ppm levels respectively and thereafter decreases. The 
increase of available P at low Cr- and Ni-HA complex addition cculd 
be explained on the basis of several processes occuring in organic 
matter added to soils (l6). Decomposition of complexes by micro-
bials and PO^ replacement from the exchange sites and/or unavail-
able P dissolution on metal-HA complex addition could be a major . 
reason for the increase (17,18). A high dose of added Ni-HA complex 
is seems to be highly toxic for microbials while Cr-HA did not show 
effective toxicity. This observation agreed with many other workers 
who suggested Cr to be less toxic in comparison to Ni (3,12). 
vVith days, Ni-HA complex has variable results according to • 
dosage of complex. While Cr-HA complex enhanced the p availability 
upto 35 days of application except control and 60O ppm dose on which 
it increased upto 42 days. The decrease in available ? at later 
stages of experiment is probably due to the microbial reduction of 
available P to unavailable phosphene as follows: 
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"PH 9H 4H 
»3P°4^H^ V^a^H^S^ V O a r a ^ PH3 
+5 +3 +1 -3 
Availability of potassium as shown in figures 3.3 and 3.4 
and reported in tables 3.10 and 3.11 increased throughout the 
incubation period. This increase may be due to the solubilisation 
effects caused by increasing number of soil fungi such as 
Asperiqillus niqer and certain bacteria at lower doses of metal-HA 
addition (4) which decomposes the alumino-silicate mineral releas-
ing a portion of potassium contained therein. Some potassium was 
also released from the clay minerals. 
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CHAPTER-IV 
INFLUSi\'CH OF HEAVY METAL-HUWJC ACID CO.,PLEX£S ON THE GROWTH XiD 
NUTRIENTS CONCa^TRATION OF mEAT ( T r i t i c u m a e s t i v u m ) PLANT. 
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INTRODUCTION 
Industrialization and heavy application of chemical ferti-
lizers have created many problems of contamination of toxic heavy 
metals in soils. The utilization of sewage sludge as a source of 
fertilizer containing some useful micronutrients to agricultural 
lands have been reported by many workers (l-3). 
The status of heavy metals in sewage sludge,industrial waste, 
domestic solid waste etc. and their movement, and interactions in 
soil is depend on the soil organic matter and its fractions humic 
and fulvic acids. Schnitzer (4) have reported that the organic 
matter in soil is composed of negatively charged polyelectrolytes, 
whose principal functional groups are carboxyls, phenolics, alcoho-
lic and carbonyls. Therefore, soil organic matter containing humic 
acid complexed with positively charged heavy metal ions and formed 
water soluble or insoluble complexes, which are reported to play an 
important role in the migration and/or availability of nutrients to 
plants (5). 
The presence of heavy metals such as Pb, Cd, Ni and Cr in 
soil is found to disturb the pattern of nutrient availability in 
plants due to the nutrient-heavy metal interactions (6). However, 
the information on the effect of Pb, Cd, Ni and Cr complexes with 
humic acid, on the dry matter yield and nutrients concentration in 
wheat plant (Triticum aestlvum). a major crop of India, is scanty. 
Thus, it was considered worthwhile to study the effects of Pb-, Cd-, 
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Ni- and Cr-HA complexes on the growth and nutrients concentration 
of wheat plants. 
EXPERIMENTAL 
The soil sample (0-30 cm) used in these investigations was an 
illitic fine sandy loam collected from the Aligarh Muslim University 
Farm situated in Aligarh district (U.P.), India. The soil sample 
was dried, crushed and sieved through a 100 mesh sieve (BSS). The 
physico-chemical properties were determined by the standard methods 
of their determination as described in chapter-II of this thesis and 
the results are reported in table-3,1. 
Preparation of Heavy Metal-Humic Acid Complexes: 
The organic matter from the soil was extracted by treating it 
with 0.1N NaOH for several times over a hot plate fitted with a 
magnetic stirrer at 80°C. The filtrate was then acidified with- 0.1N 
HCl and centrifuged to separate humic acid fraction. It was further 
purified by the method of dialysis using a parchment paper. For the 
preparation of the heavy metal complexes of Pb, Cd, Ni and Cr with 
humic acid, 0.1M solutions of their respective nitrate salts were 
treated with 1% humic acid and allowed to stand for 24 hrs at 30°C.' 
The crystals of the heavy metal-KA complexes so formed were then 
tiltered and washed several times with double distilled water and 
then dried at room temperature. These complexes were used for 
further experimental work. 
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Greenhouse Experiments: 
The experiments on the influence of metal-humic acid complexes 
on the growth of wheat plants were conducted in seventy two earthen-
ware pots (25x25 cm) in a greenhouse. The pots were cleaned and 
coated with coaltar to prevent the adsorption of salt solutions. 
Samples weighing one kg of the soil were taken in each pots. There 
were twenty four treatments in three replications. The levels of 
Pb- and Cr-HA complexes addition were: 0.0 (.control), 0.5, 1.0, 1,5, 
2.0 and 2.5 gmkg" soil (designated as Pb^, Pb^ Pb2, Pb-j, Fb^ and 
Pbe; Cr , Cr., Cr^, Cr^, Cr^ and Cr^ respectively). V/hereas the Cd-
and Ni-HA complexes levels were 0.0 (control), 0.25, 0.50, 0.75, 1.00 
and 1.25 gmkg"" soil (designated as Cd^, Cd,, Cd^, Cd^, Cd_^  and Cd^; 
Ni , Ni" Ni2, Ni^, Ni^ and Ni^ respectively). The soil ana requi-
site quantities of metal-HA complexes in 500 ml of water adaed, were 
mixed thoroughly to ensure an even distribution. A wheat variety, 
Kalyan Sona was sown at the rate of eight seeds per pot and were 
thinned to four unifoim plants after germination. These pots were 
then watered with equal amounts of water regularly throughout the 
course of the experiment. Plants were harvested after 60 davs and 
immediately washed with distilled water, acidified deionized -vater 
and deionized water, respectively. The fresh weights of these plant 
shoots were recorded. The dry matter yield was recorded after dry-
ing the samples in an oven at 70°C (Table-4.1). 
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Determination of Nutrients in Plants: 
The total dry matter obtained from each pot was dry ashed at 
180°C for 4 hours ana then digested in a 10 ml of an acid mixture 
containing HNO^ and HCIO^ in 4:1 ratio (v/v). The mixture was 
heated to dryness ana the residue was then dissolved in 5 ml of 
cone. HCl and filtered. The filtrate was then dilutee to 25 ml. 
The solution was usee to estimate the concentrations of Na, K, Ca, 
lAq, Fe, Cu, Mn and Zn by using atomic absorption spectrophotometer 
(Varian Techtron AAS, AA-6CS j'v^ odel). The results obtained are given 
in table-4.2. 
RESULT AiND DISCbSSION 
An examination of Table-4.1 showea that the fresn weight and 
dry matter yield of wneat (Triticum aestivum) plants increased to 
about 30% in the case of Pb-HA at Pb^ level and 12% for Ca-HA at 
Ccp level over control. However, the addition of higher aoses of * 
these complexes causea a decreased upto 15% and 35% in the case of 
Pb-HA ana Cd-HA complexes respectively. On the other nand, in the 
cases of Ni- ana Cr-riA complexes adaition, a significant increase 
was observea throughout the entire range of study, except at Ni^ 
level where a slight aecrease was observed over control. Thus, it 
may be concluded that the presence of these metal-HA complexes in 
soil at their lower level was beneficial for plant growth but 
became phyto-toxic at higher levels. This could be confirmed from 
TaDle-4.2 that the nutrients utilization by plants was enhanced 
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TABLE-4.1: EFFECT OF P b - , Cd-, N i - and Cr-HA COMPLEXES ON THE 
GROWTH OF mEAT PLANTS. 
T r e a t m e n t s Weight ( q / p l a n t ) * 
Fresh Dry M a t t e r 
Yie ld 
Pb 3 .575 1.075 
• 0 
Pb^ 3.810 1.100 
Pb2 4.026 1.413 
Pb^ 4.051 1.416 
Pb^ 3.815 1.215 
Pb^ 3.268 0.965 
C D . a t 5^ 0.22 0.16 
Cd 3,57 5 1.07 5 
o 
Cd^ 3.582 1.090 
Cd^ 3.620 1.215 
Cd3 3.411 0.915 
Cd^ 2.685 0.682 
Cd;, 2.505 0.682 
C D . a t 5^ 0.21 0.09 
Ni 3 .575 1.075 
0 
Ni^ 4.103 1.540 
N i ^ 4.532 1.610 
N i^ 5.015 1.731 
N i ^ 5.210 1.685 
N i ^ 4.930 1.590 
C D . a t 5% 0 .28 0 .22 
Cr^ 3.575 1.075 
Cr^ 3.833 1.100 
Cr^ 4.263 1.625 
Cr^ 4.633 1.601 
Cr^ 5.110 1.685 
Cr^ 5.230 1.720 
C D . a t % 0.29 0cl7 
Average of four plants. 
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TABLE-4.2: EFFECT OF P b - , Cd- , N i - and Cr-HA COMPLEXES ON THE 
NUTRIENT CONCENTRATION OF mEAT PLANTS. 
T r e a t m e n t s N u t r i e n t C o n c e n t r a t i o n 
Cu Fe Mn Zn Na K Ca 
ppm % 
Mg 
Pb 
o 
Pb^ 
Pb^ 
K 
Pb.. 
C D . a t ^ 
C^o 
Cd^ 
Cd. 
z 
Cd3 
Cd^ 
C.D, 
N i . 
N i . 
Ni^ 
o 
N i . 
u. 
Ni^ 
Cr 
0 
Cr. 
Cr^ 
C r . 
at ^-^ / T 3 
at ^ 
L > , i > , a t DTD 
5.6 230 .0 52 .0 7 . 1 
5 .8 236 .0 54.0 7 . 2 
6 . 3 260 .0 56 .0 9 .0 
8 .1 2 7 5 . 3 57 .6 13 .5 
5 .8 240 .8 5 0 . 5 9 .1 
5.0 210 .0 46 .0 5.8 
2 .0 23 .0 3 . 2 0 . 5 
5.6 232 .0 52 .0 7 . 2 
5.6 236 .0 54 .0 7 . 2 
6 .0 2 4 5 . 5 56 .0 7 . 8 
5 .5 226 .0 50 .0 7 . 0 
4.0 176.8 40.6 3.8 
3.1 156.0 2 5 . 2 2 . 5 
1.7 19.6 2.3 0.8 
5.8 230.0 52.0 7 . 0 
8 . 2 235.7 54 .0 12 .2 
10 .3 257 .0 5 5 . 5 16.4 
10 .4 257 .0 56.0 16.0 
1 0 . 4 256.0 5 5 . 5 16 .4 
10 .2 2 4 5 . 5 56.0 19.8 
1.3 20.4 4.3 1.7 
5.6 230.0 52.0 7 . 1 
8 . 2 251 .0 59 .6 8 .3 
9.3 276.5 61.2 10.1 
9.5 281.0 63.5 11.2 
10.3 284.2 71.0 13.5 
10.8 286.0 73.0 14.0 
0.8 15.66 10.5 3.0 
0 . 5 4 2 . 8 3 3.40 0.^7 
0 . 6 3 2 . 9 8 3 .58 0 . 5 4 
0 . 5 4 3 .10 3 . 2 5 0 .58 
0 . 6 2 2 .79 3 . 8 4 0.47 
0 . 3 2 2 . 1 2 2 . 2 4 0.47 
0 . 2 4 1.83 1.95 0 .38 
0.04 0.07 0.07 0.01 
0 . 5 6 2 . 8 3 3 . 4 5 0.51 
0 .47 2 . 8 5 3 . 5 4 0 .66 
0 . 5 4 2 . 9 5 3.20 0 . 4 5 
0 . 3 0 2 . 7 5 2 .86 0 .38 
0 . 2 6 2 . 2 4 2 ,10 0 .33 
0 . 1 8 1.74 2 . 1 2 0 .35 
0.08 0.03 0.01 0.02 
0 . 5 4 2 .80 3 .40 0.^7 
0 . 7 6 2 . 9 8 4 . 2 5 0 .66 
0 . 7 6 3.57 4 .30 C.76 
0 . 8 2 3 .57 4 . 3 8 0 .82 
0 . 8 6 3 .10 2 .48 0 .48 
0 . 7 5 2 . 5 4 2 .10 0.^7 
0 . 0 1 0 .06 0 .05 0 .02 
0 . 5 6 2 . 8 3 3.90 0.91 
0 . 7 6 2 . 9 8 3 .71 0 .68 
0 . 8 4 3 . 5 2 4 . 2 5 0 .72 
0 . 8 8 3 . 5 2 4 .56 0 .65 
0 . 9 2 3 .98 4 .38 0 .46 
0 . 9 6 3 .97 4 .58 0 .52 
0.03 0.60 0.16 0.02 
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over control at these levels. The toxicity order in wheat plant 
followed the sequence Cd-> Pb->Ni->Cr-HA that were in the 
sequence of their stability. These results are in agreement with 
the earlier workers (7) working on soil metal-humates. 
The concentration of Cu, Fe, Mn, Zn, Ca, Mg, Na and K was 
found to increase in wheat plants at lower doses (Pb^ and Cd2 
levels) beyond which an abrupt decrease of these nutrients uptake 
was noticed (Table-4.2). However, concentration of these nutrients 
increased throughout the range of Ni- and Cr-HA applications. The 
lower levels of added humic acid associated with heavy metals might 
have been responsible to increase the population of soil fungi as 
well as soil bacteria, as reported in the case of humic acid addi-
tion to soils by Zibilske and ifVagner (8). The concentration of metal 
in these complexes remained non-toxic to soil microbes with enhanced 
microbial population that helped in releasing these nutrients to 
plants (9). The nutrient concentration in plant tissues is consi-
dered to be affected by their geochemical and biological mobilities 
which play an important role in the absorption process. These nutri-
ents have been reported UO) to translocate in the hyphal lumen most 
easily by the mass flow process to increase their concentration in 
vegitative parts. However, a decrease in nutrients concentration 
with high levels of Pb- and Gd-HA complexes addition may be due to 
tneir lowest activity in plant sap (11) and agreed with the finaings 
of earlier workers (12). The soluble metal-HA complexes in soil 
moved to root zone and enter in it through cell membrane as such 
(13). The stability constants of Na, K, Mg, Ca, Mn, Fe, 2n, Cu, Cd 
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and Pb with the organic matter is reported to be same (14) in soil 
solution. Thus, the competitive effect in the complexation of 
metals with the organic ligands- is significant. So, at higher con-
centrations Pb and Cd may be more complexed than the other nutrients 
and moved to the plants in their complexed form leaving behind the 
nutrients which are comparatively less mobile, and resulted an 
abrupt decreased in their concentration in wheat plants. This caused 
stunt growth of wheat plants at higher levels of Pb- and Cd-HA 
applications to soil. However, no such competitive effects observed 
in the cases of Ni- and Cr-HA complexes and nutrients content of 
plants remained well over the control throughout the levels of their 
applications. 
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CHAPT3R-V 
IhFLUoNC^ OF H£AVY METALS Ol\ THE TRA J^SLOCATION OF SC/'.lE MICRC-
NirrRiaNTS THRCUCH S O I L I H PRESEI^'CE OF ADDED ORGAI^ JIC l,\AnER AND 
HUiVJC ACID. 
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INTRODUCTION 
It has been well recognised that sewage sludge, industrial 
wastes and fertilizer contain many heavy metals like Pb, Cd, Ni and 
Cr etc. (1,2). These heavy metals which are supposed to be highly 
toxic for plant and animal life, when reaches the soil, form their 
complexes of variable stability with soil organic matter (3-5). 
A survey of literature shows that most of the studies on the 
heavy metals deals with their adsorption-desorption, transportation 
and their effects on the crop growth and nutrients in plants and 
soils (6-10). However, the work on the effect of Pb, Cd, Ni and Cr 
on the translocation of micronutrients through soil in presence of 
soil organic matter and its fraction humic acid have been lackiiig 
in literature. Therefore, it was considered worthwhile to observe 
the effect of these heavy metals in presence of soil organic matter 
and humic acid on the mobility of copper, iron, manganese and zinc 
which are required by plants. The technique used in these investi-
gations was soil thin layer chromatography (soil TLC) which is 
widely adopted by many workers (11,12). 
EXPERIMENTAL 
Aerie Halaqulept (an illitic fine sandy loam) soil was 
collected from the representative area of Aligarh district of Uttar 
Pradesh (India) and used in these investigations. The surface soil 
(depth 0.25 cm) was air dried and ground to pass through a 5 mm 
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sieve (BSS) before use. The physico-chemical properties of the 
soil as determined by standard methods are given in Chapter-II of 
the thesis. 
DETERMINATION OF R^-VALUES BY SOIL THIN LAYER CHROMATOGRAPHY 
The translocation of some micronutrients through soil in 
terms of their R^-values was determined by soil thin-layer-chroma-
tograpny as follows: 
Apparatus: TLC applicator with adjustable thickness, uniform glass 
plates of 20x4 cm size, glass chambers (Jars of 25x10 cm) and a 
glass sprayer. 
Solutions of micronutrients and detectors: 0.1M nitrate solution 
of copper, manganese, iron and zinc were prepared in distilled 
water and 0.1% (w/v) solution of haematoxyline and xylenol orange 
were prepared in ethanol. 
Preparation of TLC plates: The glass plates (20x4 cm) were coated 
with soil or amended soil samples as described in Chapter-II of 
this thesis. 
Application of samples: A 0.006 ml of aqueous solution iO.IM) of 
metal-nitrates applied on the base line of each plate as a single 
spot with the help of a micropipette. 
Development of plates: The loaded plates with soil sample were 
developed in distilled water as described in Chapter-II of this 
thesis. 
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Drying and detection of chromatograms: The developed plates were 
then dried and the metal spots were detected by spraying 0,\% (w/v) 
2+ 3+ 2+ 
ethanolic haematoxylin for Mn , Fe and Cu and ethanolic O.l?^  
(w/v) xylenol orange for Zn ; Mn and Cu gave violet colour 
3+ 2+ 
spots while Fe and 2n appeared as black and red spot respect-
ively, which were stable for several hours. 
Measurement of R^-values: The R.-values (mobility) were measured 
by the relations: 
Frontal distance moved by the metal 
R^-value = — 
^ Frontal distance moved by the developer 
Effect of metal-SOM and -HA complexes: The soil organic matter 
(SCM) was extracted and fractionated into humic acid (HA) and 
fulvic acid and the complexes of lead, cadmium, nickel and chromium 
with SOM and HA were prepared and purified as described in Chapter-
Ill of this thesis. Effects of these metal-SOM and -HA complexes 
were studied by mixing their requisite quantities in soil thoroughly 
and amended soils were applied on glass plates and developed, dried 
ana detected as described earlier. 
RESULTS AND DISCUSSION 
Table-5.1 shows that the mobility of nutrient elements in 
soil follows the order Mn>Zn>Cu >Fe. It has been observed that 
the ion size and electronegative character of the elements plays an 
important role in governing the metal ion interactions with soil 
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colloids. Mn, Zn and Cu have an equal ion size as 6A (13) but 
differ in their mobility in soil. The difference in their mobilit-y 
has also been reported by many other workers (14,15). One of the 
possible factor in changing their mobility could be their electro-
negative characters. The sequence of mobility increase being Mn> 
Zn>Cu">Fe evidently support the above factor. The metal ion be-
haviour has been reported (l6) to follow the Hard soft acid base 
principle (HSAB) which states that hard lewis acids (with high 
electronegativity, low polarizability and small ionic size) prefer 
to complex or react with soft bases. However, in the case of Fe 
whose ionic size is 9A , move to a very little extent and in some 
cases it is immobile. It may be due to its large size which causes 
hinderence in its interaction with soil colloids. Williams et. al. 
(17) have also reported the same sequence of their mobility in soils, 
rVith an addition of soil organic matter to soil, the mobility of all 
metal ions decreased. It may be due to the interactions of metal 
ions with added SOM and their adsorption over adsorption sites' of 
clay minerals (18). 
Again it was observed that the decrease in mobility of metal 
ions of equal size (Mn, 2n and Cu) follows the order of their 
electronegativity, highly electronegative Cu shows a highest reduc-. 
tion in its mobility. This shows that the electronegative character 
of the metal ions plays an important role in their translocation 
through soil. 
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Table-5,2 shows the effect of added huraic acid fraction to 
the soil on the mobility of nutrient ions. It was observed that 
the mobility of all metal ions increased significantly in the amen-
ded soil. As the pH of the soil remained in the alkaline range and 
the adsorption sites of the soil colloids already occupied fay the 
indegenous cations. The metal ions interact with added huraic acid 
fraction and form soluble metal-humic acid complexes (14). The 
soluble metal-HA complexes move in the soil according to their size 
and electronegativity. The results are in agreement of the earlier 
workers (19,14) who reported transport of metal ions as their humic 
acid complexes through soil. 
Figure-5.1 shows that the introduction of heavy metals in 
the soil system altered the mobility of these nutrient metals in 
soil. It may be observed from the results that except Cd, all 
other pollutant metals like Pb, Cr and Ni when added to soil in 
presence of organic matter, increased the mobility of micronutrients 
under study (Tables 5.3-5.6). 
However Pb in presence of SQVl enhanced the micronutrient 
mobility at its low level of addition (o.25%) and then decreases in 
all the cases. The results could be explained on considering the 
form of these metals in soil solutions. Shuman and Hargrove \,20) 
observed that a higher fraction of Fe, 2n Mn and Cu at high pH 
remains as water soluble, Mn-oxide and amorphous Fe-oxide fractions. 
Since the soil in this experiment has low Mn-oxide and amorphous 
Fe-oxide with a pH ranging from 8.9 to 6.1, it is obvious that these 
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TABLE-5.1: EFFECT OF SOIL ORGANIC MATTER (SOM) ADDITION OF TdE 
TRANSLOCATION OF SOME MICRONUTRIENTS THROUGH SOIL. 
... R^-values r-^ - + -^  i 
Micro- f Critical 
nutrients ^ „^ r^. ar^\^ A^^«^ {Q/\ Difference 
Cone, of SOM Addea {%) ( C D ) 
0.00 0<,25 0„50 0o75 1.0 
Manganese 0.25 0.23 0.22 0.22 0.21 0.01 
Copper 0,10 0.10 0.08 0.08 0.08 0.02 
Zinc 0,12 OolO 0.10 0.10 0.06 0.01 
Iron 0,04 0.0^ 0.02 0.02 0.02 0.01 
TABLE-5.2: EFFECT OF HUMIC ACID (HA) ADDITION ON THE TRANSLOCATION 
OF SOME MICRONUTRIENTS THROUGH SOIL. 
. , . R^-values ^ . . . ' • 
Mic ro - I C r i t i c a l 
n u t r i e n t s ^^^^ „ . UA A^W^^ {cy\ Difference Cone, of HA Added {%) 
0.00 0.25 0.50 0o75 1.0 
(C.D.) \
Manganese 0.25 0.28 0.30 0o32 0.40 OoOl 
Copper Oo10 0.4O 0.42 0.50 0.41 0.05 
Zinc 0«12 0o18 0o21 0o25 0.16 OoOl 
Iron 0o04 0.06 0.12 0o18 0.16 OoOl 
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TABLE-5.3: EFFECT OF LEAD-SOIL ORGANIC MATTER COMPLEX ON TRANS-
LOCATION OF SOME MICRONUTRIENTS THROUGH SOIL. 
M i c r o - Rf-'^alues C r i t i c a l 
n u t r i e n t s Conc. of Pb-SOM Complex Amended {%) ^{0%^,]^'"''^ 
0.00 0.25 0.50 0.75 1.00 
Manganese 0 .25 0.29 0.23 0.20 0.20 0.03 
Copper 0.10 O.I6 0.16 0.13 0.12 0.03 
Zinc 0.12 0.15 0.14 0.14 0.10 0.01 
I r o n 0 .04 0o04 0.02 0.00 0.00 0.00 
TABLE-5.4: EFFECT OF CADMIIM-SOIL ORGANIC NiATTER COMPLEX ON TRANS-
LOCATION OF SOME MICRONUTRIENTS THROUGH SOIL. 
R^-values ^ ... , 
Micro- £ c r i t i c a l 
n u t r i e n t s ^^^^^ ^^ ^d-SCM Complex Amended {%) ^ c fo t f ' ' ' ' ^ 
0.00 0.25 0.50 0.75 1.00 
Manganese 0.25 0<,16 0.12 0.10 O.O6 O0OI 
Copper 0.10 0.08 O.O6 0.05 0.05 O0OI 
Zinc 0.12 0.08 0o03 0.03 0 .02 0.01 
I ron 0 .04 0.00 0.00 OoOO 0.00 0.00 
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TABLE-5.5: EFFECT OF NICKEL-SOIL ORGANIC MATTER COMPLEX ON TRANS-
LOCATION OF SOME MICRONUTRIENTS THROUGH SOIL. 
R^-values r> • 4. • ^ 
Micro- I C r i t i c a l 
" ^ ^ ^ i ^ ^ ^ ^ Cone, of Ni-SOM Complex Amended {%) ( ' j ^ p t r " " 
0.00 0.25 0.50 0.75 1.00 
Manganese 0.25 0.36 0.40 0.41 0.42 0.05 
Copper 0.10 0.24 0.28 0.31 0.37 0.03 
Zinc 0.12 0.20 0.22 0.24 0.26 0.04 
I ron 0.04 0.08 0.10 0.11 0.11 0.01 
TA3LE-5.6: EFFECT OF CHROMIUM-SOIL ORGANIC MATTER COMPLEX ON TRANS-
LOCATION OF SOME MICRONUTRIENTS THROUGH SOIL. 
,,. R^r-values ^ ... , 
Micro- r c r i t i c a l 
n u t r i e n t s ^ o n c of Cr-SCM Complex Amended {%) Difference 
0.00 0.25 0.50 0o75 1.00 
Manganese 0.25 0.40 0.43 0o43 0.45 0.06 
Copper 0.10 0.38 0o40 0.41 0 .44 0.04 
Zinc 0o12 0.29 0o31 0o35 0.36 0.04 
I ron 0.04 0ol6 0.17 0.17 0.19 OoOl 
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TA3LE-5.7: EFFECT OF LEAD-HUMIC ACID COMPLEX ON TRANSLOCATION OF 
SOME MICRONUTRIENTS THROUGH SOIL. 
w R^-values n-r.-;"-!-^ ^ ^ i 
Micro- I Critical 
nutrients p ^^  ^^  r,, ,,. ^ ^ a^ A^A^A (a/\ Difference 
Cone, of Pb-nA (complex Aadea {%) (c D ^  
0.00 0.25 0.50 0.75 1.00 
Manganese 0.25 0.29 0.30 0.30 0.34 0.01 
Copper 0.10 0.24 0.26 0.30 0.35 0.03 
Zinc 0.12 0.18 0.20 0.23 0.25 0.01 
Iron - 0.04 0.05 0.05 0.05 0.03 0.00 
TAaLE-5.8: EFFECT OF CADMIUM-HUMIC ACID COMPLEX ON TRANSLOCATION 
OF SOME MICRONUTRIENTS THROUGH SOIL. 
Micro- -V^^^""^ Critical ' 
nutrients ^onc. of Cd-HA Complex Amended {%) ^cTf''''^ 
0.00 0.25 0.50 0.75 1.00 
Manganese 0.25 0.19 0.17 0.17 0.15 0.02 
Copper 0.10 0.14 0.12 OoOB 0.06 0.01 
Zinc 0o12 0.12 0.10 0.09 0.09 0.02 
Iron 0.04 0.04 0.00 0.00 0.00 0.00 
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TABLE-5.9: EFFECT OF NICKEL-HUMIC ACID COMPLEX ON Tf^ NSLOCATlON 
OF SOME MICRONUTRIENTS THROUGH SOIL. 
Micro- %-^^^"^" C r i t i c a l 
" ^ ^ ^ i ^ ^ ^ ^ Cone, of Ni-HA Complex Amended {%) ^ c f o t f ' ' ' ' ^ 
0.00 0.25 0.50 0.75 1.00 
Manganese 0 .25 0.42 0.48 0.51 0.56 0.06 
Copper 0.10 0.40 0.46 0.52 0.58 0.04 
Zinc 0.12 0.38 0.40 0.45 0.46 0.04 
I ron 0.04 0.08 0.10 0.16 0.18 0.02 
TABLE-5.10: EFFECT OF CHRCMIUM-HLMIC ACID COMPLEX ON TRANSLOCA-
TION OF SCME MICRONUTRIENTS THROUGH SOIL. 
Micro- ^.-^^l^es C r i t i c a l 
^"^^^^"^" Cone, of Cr-HA Complex Amended (%) f c fDi r " " ' ^ 
0.00 0.25 0.50 0c75 1.00 
Manganese 0 .25 0.45 0.53 0o58 0.60 0.06 
Copper 0,10 0.40 0,42 0.46 0o5l 0„02 
2inc 0.12 0.40 0.40 0.42 0.46 Oo07 
I ron 0 .04 0o12 0ol6 0o17 0.19 0o02 
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a 
> 
I 
0.7 
0.6 
Ni-SOM Cr-SOM 
0,25 0.50 0.75 I.O 
Vo 
0.7 
0.6 
0.4 
Pb"SOM 0.7 
0.6 
0.4 
Cd-SOM 
0.25 0.50 0.75 
Cone, of metal-SOM Complex-
1.0 
(Cu , Mn — ^ — i Z n — X i Fe — A — ) 
FIG.5.1 EFFECT OF HEAVY METAL-SOM COMPLEXES ON 
THE MOBILITY OF MICRONUTRIENTS THROUGH SOIL 
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N i - H A 
Of 
a 
> 
C r - H A 
J 0.0 
0.25 0.50 0.75 1.0 . 0 0,25 0.50 0.75 1.0 
7o "•/• 
cr 
0,7 
0.6 
Pb-HA 0.7 
0.6 
0.4 
Cd-HA 
0.25 0.50 0.75 1.0 
Vc 
Cone.of metQl-HA Complex 
(Cu > Mn — A — i Zn * ; Fe — A — ) 
FIG.5.2 EFFECT OF HEAVY METAL-HA C0MPLEXE50N 
THE MOBILITY OF MICRONUTRlENTS THROUGH SOIL 
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metals remain as water soluble and hence their mobility increases 
in organic amended soils. 
The heavy metals in the soil system also occupied the 
exchangeable and/or adsorption sites of the soil colloids which may 
be an additional factor for the high mobility of nutrient elements 
in soil. 
However in the case of Cd in presence of organic matter 
which decreases the mobility of all nutrient metals, it could be 
said that Cd has a very little affinity with soil colloids in 
comparison to Mn, Cu, Zn and Fe (21-23). 
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CHAPT5R-VI 
STUDIES ON THE EFFECTS OF SOME PHENOLIC COA'PCUNDS IN ABSSNCE AND 
PRESENCE OF P b U D 0.^ THE Tn^ ANSPORT OF SOkE PLANT NUTRIENTS THROUSH 
SOIL. 
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INTRODUCTION 
A variety of phenolic compounds such as phenol, resorcinol, 
pyrogallol, m-cresol etc. are reported to be present in the soil 
environment. The accumulation of these phenolics including phenolic 
acids and aldehydes originate from the plants and their residues and 
considered to play a major role in humus formation in soils (1-5). 
Fulvic acid, a component of soil humus is reported to be associated 
y;ith the phenolic substances (6). Kusano and Ogata (7) observed that 
phenolic compounds have retarded the growth of certain plants and 
thus are phytotoxic. 
On the other hand, the accumulation of Pb(II) in soils mainly 
through automobile exhaust and industrial waste is posing a serious 
threat to the health of animals via food chain (8,9). The presence 
of such a toxic metal is also reported to alter the nutrient utiliza-
tion by plants (.10). A great deal of work (11,12) on the interaction 
of these chemicals with soil components are reported but their role 
in the translocation of micronutrients (such as Cu, iVin, Zn, Co & Fe) 
are still unearthed. It was therefore considered worthwhile to 
investigate the role of some phenolic compounds in absence and 
presence of Pb(ll) on such plant nutrients transport through an 
Indian soil by using soil thin layer chromatography. 
HXPERIMENTAL 
Soil sam.ple used in these investigation was an illitic fine 
sandy loam collected from the cultivated lands of Aligarh WIUSILT. 
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University Farm situated in Aligarh district. The soil sample was 
dried, crushed and sieved through a 100 mesh (B3S) sieve. The 
physico-chemical properties were determined by the standard methods 
of their determination as described in chapter-II and the results are 
reported in table-3.1. 
DETERiVlINATION OF R^-VALUES BY SOIL THIN LAYER CHRuv^TOGRAPHY 
The transport of some nutrient metal ions througn Aligarh soil 
in terms of their R^-values was determined by soil thin layer chroma-
tography as follows: 
Apparatus: TLC applicator with adjustable thickness, uniform glass 
plates (20x4 cm), glass chambers (Jars of 25x10 cm. size) with covers 
and a glass sprayer. 
Solutions Required: 
Nutrient solutions: 0.1M solutions of manganese, copper, coba-t, 
iron and zinc were preparea from their respective nitrate salts in 
distilled water. 
Detector: 0.1?^  vw/v) solutions of haematoxylin and xylenol orange 
were prepared in ethanol. 
Soil Amendments: Varying quantities of phenolic comcounas such as 
phenol, resorcinol, pyrogailoi and m-cresol were added to 100 gm 
soil to get their concentrations of 0, 0,5, 1.0, 1.5 and 2.0 cglOOg" 
soil in water. In other set of experiments PbvII) was added as its 
nitrate solution to the soils in requisite amount. These amended 
soils were mixed thoroughly and used in experiments. 
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Preparation of TLC plates: The glass plates (20x4 cm) were coated 
with unamended and amended soil samples as described in chapter-II. 
Application of samples: A 0.006 ml of aqueous solution (O.IM) of 
metal nitrates applied on the base line of each plate as a single 
spot with the help of a micropipette and then air dried. 
Development of plates: The loaded plates with soil samples were deve-
loped in distilled water as described in chapter-II. 
Drying and detection of chromatograms: The developea plates were ther 
air dried and the metal spots were detected by spraying 0,1% vw/v) 
2+ 2+ 3+ 9— 
ethanolic haematoxylin in the cases of ivin , Co , Fe and Cu and 
ethanolic xylenol orange (0,1%(.w/v)) for Zn . The /vin and Zu 
3+ 2+ 2+ 
appeared as violet Fe and Co black and Zn as red spots. These 
colour remained stable for several hours. 
Measurement of R^-values: The R^-values were measured by the rela-
tions: 
R -value = Frontal distance moved b> the metal ions 
'^ Frontal distance moved by the developer 
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RESULTS AND DISCUSSION 
Table-6.1 shows the mobility of micronutrient metal ions 
through illitic fine sandy loam soil in terms of R^ -^values follows 
the order: Mn>Co>Zn>Cu>Fe which are in the reverse order of their 
hyaroxide formation constants except in the case of cobalt. The 
lesser mobility of cobalt than manganse may be due to its greater 
fixation ability over soil organic matter (13). Most of the metals 
are expected to renain in their hydrated form as the soil pH>8 and 
tnus their movement is in the sequence of the solubility product of 
tr.eir hydroxides O 4) through soil. 
The effects of adding phenolic compounds i.e. phenol, resor-
cinol, pyrogallol ana m-cresoi on the mobility of metal ions through 
soil are shown in Fig.-6.1. The result shows that the micronutrients 
mobility is found to increase upto their 1.0 mglOOg" addition in 
soil in all cases except Co, which is found to decrease with increas-
ing doses of phenolic compounas. The increase in their mobilities al 
lower doses of phenolic compounds amended soil may be explainea on 
the basis of the formation of meagre quantities of phenolic-metal ior 
co-plexes that are incapable of replacing the exchangeable cations 
already blocking the exchangeaole sites and thus move at a faster 
rate than the control. The release of H from the phenolic compounds 
in producing the phenoxide capable of interacting with metal 
hydroxide which may be assessed from their reverse order of pKa 
values (Table-6.1) being m-cresol> phenol^ resorcinol> pyrogallol. 
Whereas the movement of the micronutrients in various systems follows 
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Copper 
Manganese 
Zinc 
Cooalt 
Iron 
0.10 
0.25 
0.12 
0.15 
0.04 
TABLE-6.1: MOBILITY OF MICRONUTRIBMTS THROUGH SOIL, METAL-OH F0RA1A-
TION CONSTANTS Al^ D THEIR SOLUBILITY PRODUCTS. 
Nutrient- R^-values Formation constant Solubility Product 
Metal ^ of M-OH(logK^) 
6.03 Cu(0H)2= 2.2x10"^° 
3.40 Mn(0K)2= 1.1x10"^^ 
4.36 Zn(0H)2= 7.0x10"^® 
1.80 Co(0K)2= 2.0x10"'^ 
11.54 Fe(0K).= 6.0x10"^^ 
O 
CHARACTERISTICS OF PHENOLIC COiViPOUNDS USED IN THE 
EXPERIMENTS. 
Phenol ic Compound Molecular Molecular pK values 
Formula Weight ^ 
Phenol 
Resorcinol 
Pyroga l lo l 
m-Cresol 
C^H^CH 
C^H^lOK)^ 
C.H^iCH). 
CH^ •C^ ri^ «0H 
94 
110 
126 
108 
9.98 
9.48 
9.^4. 
10.08 
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TABLE-6.2: EFFECTS OF SOME PHENOLIC COi^ POUNDS OK THE TRANSLOCATION 
OF SOME PLANT-NUTRiaNTS THROLGH SOIL. 
Nutrient-metal 
Copper 
Manganese 
Zinc 
Cobalt 
Iron 
Copper 
Manganese 
Zinc 
Cobalt 
Iron 
Copper 
Manganese 
Zinc 
Cobalt 
Iron 
Copper 
Manganese 
Zinc 
Cooalt 
Iron 
Levels of ; 
0.0 
0.10 
0.25 
0,12 
0.15 
0.04 
0.10 
0.25 
0.12 
0.15 
0.04 
0.10 
0.25 
0.12 
0.15 
0.04 
0.10 
0.25 
0.12 
0.15 
0.04 
(: 
0.5 
0.25 
0,45 
0.20 
0.05 
0.10 
0.19 
0.35 
0o12 
0.05 
0.03 
0.15 
0.30 
0.20 
0.07 
0o05 
0.25 
0.40 
0.20 
0.06 
0.10 
Rr-val 
1 
Dhenolic 
TiglOOgm" 
1.0 
Phenol 
0,27 
0.50 
0,25 
0.05 
0.10 
ues 
compounds 
soil) 
1.5 
0.25 
0.37 
0.17 
0.03 
0.07 
Resorcinol 
0.12 
0.32 
0.10 
0.05 
0.03 
Pyrogall( 
0.10 
0.24 
0.15 
0.03 
0.05 
m-Gresol 
0.27 
0.46 
0.26 
0.05 
0.10 
0.12 
0.31 
0.12 
0.02 
0.02 
Dl 
0.1O 
0.20 
0.12 
0.00 
0.05 
0,22 
0,38 
0.18 
0.03 
0.05 
added 
2.0 
0.25 
0.30 
0.15 
0.00 
0.03 
0.10 
0.28 
0.08 
0.12 
0.00 
0.08 
0.20 
0.10 
0.00 
0.03 
0,18 
0,30 
0,15 
0.00 
0.02 
CD. 
at ^/T) 
0.05 
0.07 
0.04 
0.00 
0.01 
0.03 
0.05 
0.01 
0.01 
0,00 
0.02 
0.02 
0.04 
0.01 
0.00 
0.04 
0.10 
0.05 
0.02 
0.02 
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TABLE-6.3: EFFECT OF PHENOL WITH P b ( l l ) ON THE TRANSLOCATION OF 
SOME PLANT-NUTRIENTS THROUGH SOIL. 
Nutrient-metal 
Copper 
Manganese 
Zinc 
Cobalt 
Iron 
Copper 
Manganese 
Zinc 
Cobalt 
Iron 
Copper 
Manganese 
Zinc 
Cobalt 
Iron 
Copper 
Manganese 
Zinc 
Cobalt 
Iron 
Levels 
0.0 
0.10 
0.25 
0.12 
0.15 
0.04 
0.10 
0.25 
0.12 
0.15 
0.04 
0.10 
0.25 
0.12 
0.15 
Oo04 
0.10 
0.25 
0.12 
0.15 
0.04 
of pheno 
0.5 
0,30 
0.46 
0.25 
0.05 
0.15 
0.30 
0.52 
0.30 
0.10 
0.18 
0.30 
0.40 
0.25 
0.10 
0.15 
0.18 
0.20 
0.12 
0.12 
0.08 
15 
30 
45 
60 
Rx—values 
1 added 
1.0 
ppm Pb 
0.25 
0.40 
0.20 
0.04 
0.10 
ppm Pb 
0.25 
0.50 
0.25 
0.00 
0.16 
ppm Pb 
0.26 
0.32 
0.22 
0.05 
0.12 
ppm Pb 
0.10 
0.15 
0.10 
0.03 
0.05 
(mglOOgm" soil) 
1.5 
0.20 
0.33 
0.10 
0.00 
0.05 
0.35 
0.40 
0.25 
0.00 
0.10 
0.25 
0.30 
0.20 
0.00 
0.10 
0.10 
0.15 
0.11 
0.00 
0.05 
2.0 
0.20 
0.24 
0.06 
0.00 
0.00 
0.20 
0.30 
0.20 
0.00 
0.10 
0.20 
0.25 
0.12 
0.00 
0.06 
0.05 
0.10 
0.05 
0.00 
0.00 
CD. 
at t% 
0.05 
0.08 
0.01 
O.OC 
0.02 
0.05 
0.12 
0.06 
0.01 
0.01 
0.05 
0.07 
0.06 
0.01 
0.01 
0.06 
0.03 
0.0^ 
• 0,01 
0.03 
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TABLE-6.4: EFFECT OF RESORCINOL WITH P b ( l l ) ON THE TRANSLOCATION 
OF SOME PUNT-NUTRie^TS THROUGH SOIL. 
Nutri ent-metal 
Copper 
Manganese 
Zinc 
CoDalt 
Iron 
Copper 
Manganese 
Zinc 
Cobalt 
Iron 
Copper 
Manganese 
Zinc 
Cobalt 
Iron 
Copper 
Manganese 
Zinc 
Cobalt 
Iron 
Levels 
0.0 
0.10 
0.25 
0.12 
0.15 
0.04 
0.10 
0.25 
0.12 
0.15 
0.04 
0.10 
0.25 
0.12 
0.15 
0.04 
0.10 
0.25 
0.12 
0.15 
0.04 
R .^ -values 
of Resorcinol add 
0,5 
0.25 
0.48 
0,25 
0.16 
0.20 
0.25 
0.50 
0.20 
0,10 
0,15 
0,25 
0,38 
0,20 
0.05 
0.12 
0.26 
0.30 
0.20 
0.05 
0.15 
15 
30 
45 
60 
1.0 
ppm Pb 
0,28 
0.50 
0.30 
0.15 
0.20 
ppm Pb 
0.20 
0.40 
0.20 
0.05 
0.15 
ppm Pb 
0.20 
0.35 
0.15 
0.05 
0.10 
ppm Pb 
0.22 
0.22 
0.15 
0.05 
0.10 
_ 1 
ledlmglOOgm soil) 
1.5 
0.25 
0.38 
0.25 
0.09 
0.15 
0.15 
0.45 
0.20 
0.00 
0.15 
0.15 
0.26 
0.14 
0.00 
0.10 
0.20 
0.16 
0.15 
0.00 
0.10 
2.0 
0,20 
0.37 
0.25 
0.05 
0.15 
0.15 
0.48 
0.18 
0.00 
0.12 
0.15 
0.25 " 
0.10 
0.00 
0.10 
0.20 
0.15 
0.15 
0.00 
0.04 
CD. 
at 5% 
0.04 
0.08 
0.06 
0.03 
0.04 
0.02 
0.08 
0.01 
0.00 
0.01 
0.04 
0.06 
0.02 
0.00 
0.01 
0.03 
0.03 . 
0.04 
0.00 
0.02 
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TABLE-6.5: EFFECT OF PYROGALLOL WITH P b ( l l ) ON THE TRANSLOCATION 
OF SO/vlE PLANT-NUTRIENTS THROUGH SOIL. 
Nutrient-metal 
Copper 
Manganese 
Zinc 
CoDalt 
Iron 
Copper 
Manganese 
Zinc 
Cobalt 
Iron 
Copper 
Manganese 
Zinc 
Cobalt 
Iron 
Copper 
Manganese 
Zinc 
CoDalt 
Iron 
Levels 
0.0 
0.10 
0.25 
0.12 
0.15 
0.04 
0.10 
0.25 
0.12 
0.15 
0.04 
0.10 
0.25 
0.12 
0.15 
0.04 
0.10 
0.25 
0.12 
0.15 
0.04 
R 
of Pyroga 
0.5 
0.20 
0.56 
0.25 
0.05 
0.10 
0.15 
0.42 
0.18 
0.00 
0.05 
0.20 
0.40 
0.20 
0.05 
0.10 
0.10 
0.25 
0.16 
0.00 
0.05 
15 
30 
45 
60 
.^-values 
llol aclded(mg1 
1.0 
ppm Pb 
0.16 
0.55 
0.25 
O.QO 
0.04 
ppra Pb 
0.15 
0.35 
0.17 
0.00 
0.05 
ppm Pb 
0.15 
0.32 
0.16 
0.00 
0.08 
ppm Pb 
0.08 
0.25 
0.10 
0.00 
0.00 
1.5 
0.10 
0.46 
0.22 
3.00 
0.00 
0.10 
0.35 
0.15 
0.00 
0.02 
0.15 
0.25 
0.10 
OoOO 
0.05 
0.00 
0.16 
0.10 
0.00 
0.00 
OOgm^^soil) 
2.0 
0.05 
0.43 
0.15 
0.00 
0.00 
0.08 
0.30 
0.15 
0.00 
0.02 
0.15 
0.20 
O.'IO 
0.08 
0.00 
0.00 
0.15 
0.12 
0.00 
o.co 
CD. 
at 5% 
0,0^ 
0.12 
O.'O 
O.CO 
0.02 
0.04 
0.10 
0.02 
0.00 
0.02 
0.0^ 
0.09 
0.06 
0.01 
0.01 
0.00 
0.03 
0.05 
O.CO 
O.CO 
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TABLE-6.6: EFFECT OF m-CR£SOL ON THE TRANSLOCATION OF SOME PUNT-
NUTRIENTS THROLGH SOIL. 
Nutrient-metal 
Copper 
Manganese 
Zinc 
Cobalt 
Iron 
Copper 
Manganese 
Zinc 
Cobalt 
Iron 
Copper 
Manganese 
Zinc 
Cobalt 
Iron 
Copper 
Manganese 
Zinc 
Cobalt 
Iron 
Levels 
0.0 
0.10 
0.25 
0.12 
0.15 
0.04 
0.10 
0.25 
0.12 
0.15 
0.04 
0.10 
0.25 
0.12 
0.15 
0.04 
0.10 
0.25 
0.12 
0.15 
0.04 
R^-values 
of m-Cresol added (mglOC 
0.5 
0.20 
0.35 
0.20 
0.15 
0.10 
0.16 
0.30 
0.12 
0.10 
0.06 
0.10 
0.20 
0.12 
0.05 
0.05 
0,10 
0.10 
0.10 
0.03 
0.08 
15 
30 
45 
60 
1.0 
ppm Pb 
0.25 
0.40 
0.20 
0.10 
0.10 
ppm Pb 
0.15 
0.36 
0.12 
0.05 
0.09 
ppm Pb 
0.08 
0.15 
0.10 
0.00 
0.03 
ppm Pb 
0.04 
0.06 
0.10 
0.00 
0.08 
1.5 
0.28 
0.40 
0.20 
0.15 
0.10 
0.12 
0.28 
0.10 
0.00 
0.10 
0.05 
0.12 
0.10 
0<,00 
0.00 
0.00 
0.06 
0.10 
0.00 
0.05 
igm soil) 
2.0 
0.25 
0.40 
0.20 
0.10 
0.15 
0.10 
0.25 
0.05 
0.00 
0.05 
ecu 
0.10 
0.05 
0.00 
0.00 
0.00 
0.03 
0.05 
0.00 
0.00 
C.D. 
at 5% 
0.05 
0.04 
0.02 
0.01 
0.02 
0.02 
0.07 
0.03 
0.00 
0.01 
0.00 
0.01 
0.03 
0.00 
0.00 
OoOO 
0.05 
0,02 
0.00 
0.01 
u 
< 
cr 
Resorcinol 
0.5 
0.4 
0.5 1.0 1.5 2.0 
Pyrogallol 
0.5 1.0 1.5 2.0 
0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0 
FIG. 6.J CONC. OF PHENOLS ADDED (mg 100 g m ~ ' So(() 
EFFECT OF PHENOLS ADDITION ON THE MOBILITY OF MICRONUTRIENTS 
THROUGH SOIL. 
(Cu -^> Mn-'^-i Zn - x - j Fe - * - ; Co -o - ) 
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15 ppm Pb 
if) 
< 
> 
O.^r 
1.5 2.0 
45 ppm Pb 0.4 r 
0.3 -
60ppm Pb 
0 0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 
FIG.6.2 CONC.OF PHENOL ADDED (mg 100 gm 1Soil) 
EFFECT OF LEAD ADDITION IN PRESENCE OF PHENOL ON THE 
MOBILITY OF MICRONUTRIENTS THROUGH SOIL . 
(Cu - • - i M n - < i - i Zn —x—; Fe —A—; CO - O - ) 
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LU 
—i 
< 
> 
30ppnn Pb 
1.5 2.0 
60ppm Pb 
1.5 2.0 
FIG.6.3 CONIC. OF RESORCINOL ADDED (mg 100 gm~''Soil) 
EFFECT OF LEAD ADDITION IN PRESENCE OF RESORCINOL ON THE 
MOBILITY OF MICRONUTRIENTS THROUGH SOIL. 
(Cu M n - A - , Zn -X- . , Fe - * — / Co - o - ) 
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00 
UJ 
ID 
< 
> 
ex. 
30 ppmPb 
eOppm Pb 
1.5 2.0 
FIG.6.^ CONC. OF PYROGALLOL ADDED (mg 100 gm"^ Soil) 
EFFECT OF LEAD ADDITION IN PRESENCE OF PYROGALLOL ON THE 
MOBILITY OF MICRONUTRIENTS THROUGH SOIL. 
(Cu - • - , M n - < i - ) 2 n - x - ; F e - * - , - C o -o - ) 
: 130 
LLI 
_ i 
< 
> 
30 ppmPb 
0.5 1.0 1.5 2.0 
45ppm Pb 
0.4 r 
eOppmPb 
F1G6.5 CONC. OF m-CRESOL ADDED (mg 100 gm"'' Soil) 
EFFECT OF LEAD ADDITION IN PRESENCE OF m-CRESOL ON THE 
MOBILITY OF MICRONUTRIENTS THROUGH SOIL. 
(Cu - • - ; M n - A - ; 2 n - x - ; Fe - A ~ ; C O - o - ) 
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the sequence phenol> m-cresol> resorcinol> pyrogallol, higher robi-
lity in case of phenol addition could be attributed to less steric 
hinderance in its complex fcrrtiation. The decrease in the nutrients 
mobility at higher levels of phenolic compounds addition may be 
regarded as the blocking of exchangeable sites at soil colloids 
through bydrogen bonding (15,16) but enhanced negative charged 
sites created by phencxide ions resulting a greater absorptive 
pov/er that restrict the movement of micronutrients. 
The mobility of micronutrients as affected by phenolic comp-
ounds addition through soils contam.inated with various levels of 
Pb(II) have been presented in Figs. -6.2-6.5. The results shows that 
the presence of Pb(Il) in soil-phenolics systems have resulted a 
significant increase in the micronutrients mobility as compared to 
control at its lower levels of application. However higher levels of 
its addition resulted a decreasing trend'^ '^ ich may be ati:ributed to 
the blockage of some of reactive sites by Pb(Il) but still possesing 
a hicner absorptive sites resultmc an abrupt decrease in the .TCbility 
of nutrient elements through soil. 
These observations reveals tnat the lower levels of pnenclic 
compounds with and without ?b(II) may be beneficial in recards to the 
availability of micronutrients usable by plants but becomes phytDtoxic 
at higner levels of their amendments in the soil environment. 
: 132 : 
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